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Work Costs 


Pneumatic tampers tamp more track with The Pneumatic Tamping Outfit furnishes a 
less labor and in less time. Four men with quick_means for reducing the costs of track 
these tools will tamp more track in one day, work. The tamper compressor is a handy, 
and do a better job, than sixteen men with portable power plant which can be used 1. 
picks or bars. Actual records show that pneu- operate a variety of labor-aiding track tools 
matic tampers make a smoother, safer, and when it is not being used for tamping. 
more permanent roadbed—one which lasts, on 
the average, two to three times as long as Ask for actual performance records. They 
hand-tamped track. will be supplied on request. 
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“18 YEARS SERVICE-— 
GooD FOR 
MANY 
MorRE!” 


The Terry Turbine illustrated at 
the left was installed in the plant 
of the Eagle Lock Company in 1907. 
For seven years it was in daily 
service driving an exciter. Since 
then it has been furnishing electricity 
for night lighting and exhaust steam 
for heating. 

The original wheel is still in the 
machine. In the words of the op- 
erating engineer, “It has given 18 
a sl years service and is good for many 
— more.” 


Se 
T ~] For the long-lived dependable tur- 
= \ bine, specify Terry. Write for Bul- 
letin 625. 
B » 














THE TERRY STEAM TURBINE COMPANY 


—— IY Terry Square, Hartford, Conn. 
T- 49 
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An Artist’s conception of an 8,000,000 kw. Central Station 
of the future. 

The aggregate capacity of the Cameron Class HMT 
boiler feed pumps now in Central Stations in America, 
would be sufficient for such a plant, 












NEw YorK - LONDON 












Principal Offices 


Bowling Green Building 


No.ll Broadway 
—— thaenousd 


ent 





EW YORK CITY’S new subway system 

now in course of construction along the 
route of its main trunk line represents a length 
of 10.5 miles and extends from Bank Street 
and Greenwich Avenue, in the Greenwich Vil- 
lage section, to Broadway and 211th Street, in 
the old Inwood section of upper Manhattan. 
Splendid progress is being made, and already 
some sections of the work are 75 and 86 per 
cent. finished. 


The new subway system, as indicated by the 
accompanying sketch, is designed to embrace a 
total of 57 miles of routes, containing 170 
miles of running tracks, in the boroughs of 
Manhattan, Brooklyn, Bronx, and Queens. The 
system, as planned, is estimated to cost ap- 
proximately $506,000,000, which is a greater 
sum than that spent in building the Panama 
Canal. 





The cost of construction has been estimated 
from unit prices derived from recent con- 
tracts, and includes: subway construction, cov- 
ering the actual building of the line structure; 
station finish; track and special work; yards, 
shops, and inspection sheds; and real estate 
required. The prospective cost of operation 
has been computed from the operating costs of 
the existing rapid-transit lines in New York 
City by critically analyzing each account mak- 
ing up this total. 


The necessity for rapid-transit relief has long 
been apparent, hence the city’s plan for anoth- 
er system to lessen congestion and discomfort 
on the existing lines. Last year two big rapid- 
transit systems—the Interborough Rapid Tran- 
sit and the New York Rapid Transit Corpor- 
ation—carried a total of 1,680,800,254 cash- 
fare passengers. This traffic does not include 
surface car lines, nor does it include the Hud- 
Se 
— Secretary, Board of Transporta- 
ion, 
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By WILLIAM JEROME DALY* 


"gop big has the City of Greater 
New York become, and so 
rapidly has its resident and 
transient population increas- 
ed, that existing means of 
rapid transit are no longer 
adequate. Therefore, in or- 
der to relieve a situation that 
is vexatious, to say the least, 
and to provide ample facilities 
for the daily transportation of 
a vast human tide, the muni- 
cipal authorities have planned 
to expend approximately half 
a billion dollars in opening up 
new routes and in expanding 
those already in service. 

The accompanying article out- 
lines the reasons for this pro- 
gram of improvement, and. 
touches upon one phase of 
the project that is now in 
hand—that is, the construc- 
tion of what is known as the 
Eighth Avenue Subway. This 
line, which will have a length 
of ten and a half miles, calls 
for the mastering of numer- 
ous engineering difficulties; 
and the prosecution of the 
work involves the employ- 
ment of the latest of labor- 
lightening equipment—some 
of which are decidedly novel. 
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son & Manhattan system which links New York 
with the State of New Jersey. . 

The population of Greater New York is 
about 6,500,000. In 1931, when the new sub- 
way system will begin operating, the estimated 
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New York Extends Her Subway System 


The Eighth Avenue Line, Now in Course of Construction, 
Promises to Give Much Rapid-Transit Relief 


population will be 7,300,000—using the average 
rate of increase that is disclosed in the statis- 
tics for past years as a basis of computation. 
The probable traffic on the proposed new sub- 
way has been arrived at by several different 
methods; and from all indications it is rea- 
sonable to expect that the first year of com- 
plete operation of the system should give a 
return of approximately 402,000,000 fares. 


An analysis of the present distribution of 
population reveals that 91 per cent. of the in- 
habitants are located within half a mile of 
existing rapid-transit lines. Inasmuch as pop- 
ulation always follows transportation, it is fair 
to assume that an increase in population will 
follow either the existing rapid-transit lines or 
such new subway lines as may be constructed 
by 1931. 

The subway system under consideration is 
being built by the City of New York through 
its Board of Transportation, a new municipal 
agency created in 1924 by a special act of State 
legislation which gave to Greater New York 
for the first time the legal authority to initiate, 
design, and construct its own rapid-transit 
lines. Heretofore, the right to plan rapid- 
transit lines was vested in the Public Service 
Commission or its successors, the Transit Con- 
struction Commission and, latter, the Transit 
Commission—all State agencies. The Board 
of Transportation is presided over by three of- 
ficials, namely, John H. Delaney, chairman, 
and Daniel L. Ryan and William A. De Ford, 
members. 


Within six months after the Board took of- 
fice and acquired the engineering staff of its 
predecessor, the Transit Commission, a com- 
prehensive city-wide subway plan was issued. 
Three months later, or in March of 1925, 
ground was broken by the then mayor of the 
city, John F. Hylan; and soon thereafter act- 
ual construction was underway along St. 
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Right—Steelwork in place in section of subway under St. Nicholas Avenue at 129th Street. 
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Left—Subway section finished and ready for the laying of track. 


Nicholas Avenue, Eighth Avenue, Broadway, 
and Central Park West. 

The aim of the responsible public officials in 
designing the new subway was to create an 
entirely independent system, one that would 
be separate and apart from the existing city- 
owned, company-operated rapid-transit lines. 
But at several points in the city, where the 
new routes will either cross or parallel the 
present subway lines, it is planned to provide 
physical means of communication between the 
competing systems, but not with free transfer 
privileges. 

Some of these passageways for interchange 
of trafic will be at Columbus Circle, 4Ist 
Street and Broadway, 41st Street and Seventh 
Avenue, and at 41st Street and Eighth Ave- 
nue. At the latter intersection, the new line 
under Eighth Avenue will permit access to the 
Queensboro Subway now running under 4ist 
Street from the Grand Central Terminal. At 
Columbus Circle intercommunication will be 


3 Plath 


provided between the Interborough and the 
Brooklyn-Manhattan systems and the new sub- 
way. 

During the year 1925, the Board of Trans- 
portation awarded contracts, amounting to $77,- 
528,302, for the construction of a part of the 
new subway—that is, for 18 different sections 
—each contract covering a section or length of 
approximately one-half mile. This policy of 
award was adopted for the purpose of widen- 
ing the field of competition and of permitting a 
contractor of average financial standing to be- 
come interested and to bid on the work. The 
average number of bidders on each section ad- 
vertised was six. 

Since ground was broken in March, and up 
to the time this article was written, the total 
awards for construction—including the $77,- 
528,302 just mentioned—have amounted to 
$94,605,157.50 for 22 sections or contracts. 
These 22 sections are being constructed today 
and are giving employment to approximately 


Methods employed in underpinning supporting pillars of elevated railways crossing the line of the Eighth Avenue Subway. 


Se 








6,000 men in the field, exclusive of the eng 
neering forces of the Board of Transportation, 
At present the Board of Transportation has a 
personnel of approximately 1,800, which is an 
increase of 100 per cent. over the number of 
persons on the engineering staff of the Tran- 
sit Commission when that staff was allocated 
by law to the new Board. 

This large and growing organization of en- 
gineers, draftsmen, designers, inspectors, and 
accountants is under the personal direction of 
Mr. Robert Ridgway, Chief Engineer of the 
Board and Past President of the American So- 
ciety of Civil Engineers. Mr. Ridgway has 
been engaged in subway building for 25 years; 
and his present post places him at the head of 
the largest engineering staff at work in this 
country on an undertaking of this character. 

Since the time the existing dual subway 
systems were built, ten years ago, subway con- 
struction costs in New York City have in- 
creased 129 per cent. Computed on the basis 
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4} 
1—Part of Eighth Avenue, looking north, showing the steel telpher used for handling excavated material. 

2—Sheeting and overhead bracing employed to steady the flanking walls of the subway excavation while removing rock. 
3—A rocky section of the new subway where it passes below Broadway and 173rd Street. 

4—Relocating gas and water mains preliminary to excavating the full section of a part of the new subway. 


5—New subway where it underruns a public school in course of construction on Washington Heights. 
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© Henry Havelock Pierce, Boston. 


John H. Delaney, Chairman, Board of 
Transportation, City of New York. 


of total specifications for the 18 sect:ons of 
the Washington Heights route, contracted for 
during the year 1925, a comparison of the aver- 
age prices prevailing today for the principal 
items with the average prices for the same 
items ten years ago, shows the following: 


MATERIAL 


Earth excavation 
Rock excavation 


QUANTITY 


COD ie waste ulate aes 0 coe 6 6 540,000 cu. yds. 
NE eC Sc aw wens 9 6.04 75,600 tons 
oe eee 2,736,000 ft. 
NS, See eee 216,000 sq. yds. 
DINED. 2. wid Sw. a th86-0 80,0 00.0 900 tons 
EE EE os Saws a hs CWe oe 6 3,960 tons 
WVOGGOERTOOORET occ cei cacess 360,000 sq. yds. 
Brick and mastic. ..... ccs. 18,000 cu. yds. 
oo “a eer 4,500 ft. 
OSS Be SS 81,000 sq. ft. 


These items represent 85 per cent. of the 
total materials handled and used in the sub- 
way sections now under contract. If the earth 
and rock to be excavated from this part of 
the project, alone, was 
piled in a solid cube it 
would cover a city block 
of 200x600 feet and reach 
900 feet high; the con- 
crete would cover another 
block of 200x600 feet and 
have a height of 122 feet; 
the steel and the steel 
rods would fill a railroad 
train of 2,660 cars, of 30 
tons capacity each, re- 
quiring 53 locomotives to 
haul them; the tunnel 
ducts, if laid end to end, 
would stretch for 520 
miles, or the distance 
from New York to Cleve- 
land; and the road as- 
phalt would cover a city 
street 9 miles long and 40 
feet wide. The 81,000 
square feet of steel grat- 
ings for the subway 
ventilators to be set in 


1,944,000 cu. yds. 
2,016,000 cu. yds. 


tenn 


the sidewalks is equivalent to the area covered 
by New York City’s old General Post Office. 
The brick and the asphalt mastic would make 
a cube 30 feet square and 540 feet high; the 
cast-iron pipe would require 30 railroad cars 
to haul it; and the waterproofing would stretch 
across a 40-foot street extending from City 
Hall to Yonkers, a distance of about 15 
miles. 

The items of rock and earth excavation, 
which are the largest in each contract. included 
not only the actual work of excavating but 
also the work of carting the excavated mater- 
ials to scows for deep-sea dumping, or to the 
shore of the Hudson River for filling in and 
grading the new bulkhead line from 72nd 
Street to 200th Street for park and recreation 
purposes. By the authority of the Federal 
and the State governments, the shore line 
along Riverside Park is being straightened and 
filled in with this material from the subway 
route. As a result, the City of New York will 
benefit to the extent of approximately $8,000,- 
000 by reason of the value of the additional 
land acquired, and by the general public im- 
provement of property, not to mention the 
saving that will be effected by avoiding the 
deep-sea towing and off-shore dumping of the 
excavated material. 

Another factor of increased cost today, 
which was not a factor at the time the existing 


UNIT COST UNIT COST PER CENT. 
1925 1915-16 INCREASE 
$ 9.73 $ 4.04 140 
11.57 5.61 106 
21.20 8.93 137 
121.67 71.44 70 

0.29 0.12 141 
5.06 2.63 93 
148.68 46.00 223 
112.64 61.25 84 
3.03 1.06 186 
49.28 26.10 89 
6.85 2.98 129 
4.23 1.71 147 


subways were constructed, is the sub-surface 
congestion due mainly to the presence of other 
underground rapid-transit lines. In other 
words, if the problem today were the same as 
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© Mishkin Studio, New York. 


Robert Ridgway, Chief Engineer, Board ot 
Transportation, City of New York. 


in the days when the first subway was built, 
the location, design, and construction would be 
far simpler now and many millions of dollars 
could be saved. The intensive use of city 
streets, particularly in the congested traffic 
areas, with respect to its effect on present-day 


subway building, is another consideration 
which adds to the cost of the general con- 
tract. 


There are at present some places in New 
York where there are five levels of transit, in- 
cluding elevated lines, surface car lines, and 
subway These conditions necessitate 
running the new subway at greater depths 
than were ever dreamed of when subways 
were first built. 


lines. 


Furthermore, these condi- 
tions increase the quantities of materials to be 
removed, add to the weight of the steel re- 
quired, and make more difficult and expensive 
the task of underpinning hundreds of build- 


ings—often forcing the 








Where excavated material from the new subway is extending Manhattan’s 
waterfront and adding millions of dollars worth of land to the city’s holdings. 


work down to water- 
bearing levels that call 
for the use of compressed 
air. 


On the other hand, the 
advent of the power crane 
and the mechanical shovel 
for use in the subway has 
brought about a 


convenient 


more 
and a_ more 
economical method of 
sub-surface excavating. 
Moreover, when the ex- 
isting subway lines were 
being built, the motor 
truck of heavy capacity 
had not been developed 
to handle the tom 
nages it is capable of 
carrying today. There- 
fore, vertical shafts for 
excavating by means of 
buckets attached to der- 
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ricks are now being replaced by ramps with 
steep grades that can be negotiated by 
the modern motor truck used both for 
removing muck and for carrying steel, 
cement, sand, terra cotta, brick, etc., to 
the work. 

The city’s program for providing the 
necessary money for future construction 
was recently contained in a communica- 
tion, sent to the New York Board of 
Estimate and Apportionment, in which 
John H. Delaney, Chairman of the Board 
of Transportation, asked for a reserva- 
tion of $100,000,000 for the present year. 
It is the policy of the Board to so ad- 
vance the construction work that it will 
be possible to open the new system to 


trafic at the beginning of 1931, which is 
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IDENTIFYING PIPE LINES 
N order that the contents of pipe lines, 
such as are employed in manufacturing 

plants, oil refineries, etc., may be identi- 
fied readily, the committee on safety 
engineering of the United States Bureau 
of Standards, at a recent conference, con- 
sidered two schemes whereby this might 
be accomplished. 

One plan, which the committee seems 
to favor, is the use of stenciled words on 
the mains, while the other calls for dis- 
tinguishing bands of paint at suitable in- 
tervals. It was believed, however, that it 
would be impossible to establish a uni- 
versal color standard because of the 
multiplicity of pipe lines required in cer- 
tain manufacturing plants to carry the 
different chemicals peculiar to their busi- 

Whether the stencil or the color 
scheme be adopted eventually, the com- 
mittee is agreed that some means of 





ness. 

















a believed 4 Ké tap garnien its isa Shae: Ceremonies attending the breaking of ground for identifying the contents of piping would 
at which’ this could be done. the Eighth Avenue Subway. be of great value. 
All the new lines are to be of the cov- 
> built ered subway or tunnel type, with the exception PORTABLE BRICK-TESTING FINE SPEEDWAYS TO LINK 
ruld be rie E ; : MACHINE EUROPEAN CITIES 
dollars § °! stretches in the less developed sections of the R. A. H. Stang, of the engineering me- MOVEMENT started in Germany to con- 
f city B city where they are to be of the open-cut type. chanics section of the United States Bureau nect all her principal cities by means of a 
traffic In accordance with the policy determined by of Standards, has invented a portable machine system of fine speedways for the exclusive use 
nt-day & the Board of Estimate and Apportionment, for the cross-bend testing of bricks. The ma- of high-powered motor cars has met with such 
ration is iu dus ‘taco mane abpwabeid eereectainiel “ae chine weighs but 40 pounds, and is 16 inches favor elsewhere on the continent that it is 
1 con- ; . i: high, 6 inches wide, and 12 inches long. proposed to cover all Europe witha network of 
compared with the cost of the existing sys- Because of the proposed change in the specifi- similar highways to speed automobile traffic. 

New @ &™S only 32 per cent. of the mileage of cations for brick testing—that is, the plan to To this end, a society has been formed in 
sit, in- which is underground, the lack of elevated sec- eliminate all but the cross-bend test, the ap- Italy under the management of Engineer Puri- 
;, and § tions will add very materially to the cost of Paratus in question undoubtedly will serve a celli; and already there has been planned a 
seitaie constraction—a given section of subway cost- very useful purpose. It will enable an inspector speedway from Hamburg, Germany, to Milan, 
depths A iat ian hens nn. an ake to determine the quality of bricks right on the Italy, via Hanover, Thuringia, southern Ger- 
bwars a wes es : ws job, thus saving the time otherwise required many, and Switzerland. It is estimated that it 
nail — of elevated railroad of like length and when test specimens are sent to a distant would cost about $8c,000 per kilometer (0.62137 
ot capacity. laboratory. mile) to build such roadways in Germany. 
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Plan of the subway system which is counted upon to lessen periodic congestion in the underground transportation of pas- 


Sengers in the City of Greater New York. The dotted line indicates the Eighth Avenue Subway, which is now in course of con- 
struction along a route 10% miles in length. 
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Air-Driven Rock Drills in Submarine 





‘ork 


Army Engineers Find “JacKkKhamers” Effective in Clearing 
Channels of Boulders and | 


ROM the time of our entry into the World 

War to the present day, the United States 
Army Engineers have done Herculean work 
in deepening and in widening the channels of 
New York Harbor. In the East River, par- 
ticularly. where the shallowness of the fair- 
way, prior to 1917, was the cause of much 
anxiety to navigators of Government craft 
sailing to and from the Brooklyn Navy Yard, 
the Engineer Corps has achieved splendid re- 
sults. From the Upper Bay to the Navy Yard, 
the rock bed of the channel is being drilled, 
blasted, and cleared to a depth approximating 
34 feet, and from the Navy Yard to Hell Gate 
to a mean depth of 32 feet. A recent Govern- 
ment report shows that 63 per cent. of the 
work has been accomplished. 

During the operations, there were found 
numerous danger spots—large boulders and 
small areas of ledge rock rising above the 
mean depth of the channel. These obstacles 
were discovered by wire drag in 10921, after 
one of the largest dipper dredges on the At- 
lantic coast had failed to remove them. That 
the boulders and ledges, if left unmarked, 
would be a menace to navigation was realized 
when it was revealed that those intermittent 
projections rose anywhere from 6 inches to 
10 feet above the prescribed channel depth and 
represented masses ranging all the way from 
¥% to 100 cubic yards. 







By H. H. STARKEY 


It was impracticable to use a large dredge 
to search out the scattered boulders and to 
remove them, especially when they were lying 
on bare ledges or some other hard surface. 
When the Army Engineers first undertook 
the task, they hired derrick barges to handie 
the boulders. But this method was unsatisfac- 
tory, as well as costly, because the average 
derrick was limited to a capacity of 10 cubic 
yards and to a weight of 20 tons. 

A more troublesome problem, perhaps, than 
the removal of the boulders was that of get- 
ting rid of the projecting ledges. When it 
was not considered feasible to shatter a ledge 
by means of explosives laid upon it, it was the 
common practice to employ a drill boat to 
break up the mass and to use a dredge to 
take away the pieces. In either case, it was 
costly work, because more often than other- 
wise the ledge was not completely shattered. 
This condition was due, in part, to the im- 
proper utilization of insufficient powder 
charges, which did not effectually break up 
the rock? to the inaccurate spacing of the 
holes when drilling; and to not drilling the 
holes deep enough. The engineers in charge 
of the work attributed the unsatisfactory re- 
sults to the fact that the men were handi- 
capped by the comparatively swift currents 
of the East River and not to inexperience or 
carelessness on the part of the workmen. 











Left—Lowering a blasting charge to one of the divers. 
Right—Snatching a few minutes’ rest. 


Ledges 


The problem, then, was to discover an 
economical method of getting rid of the scat- 
tered boulders and rock ledges which still 
projected above the channel bed after the 
huge dredge had done its work. The solu- 
tion was found when someone reminded the 
officers that a I-man pneumatic rock drill, 
such as is ccmmonly used in mines and quar- 
ries, could function satisfactorily under water. 
After a number of trials had proved the value 
of the air-driven drill for subaqueous work, 
two I-R “Jackhamers” were purchased and 
an experimental plant was assembled with two 
divers and the two drills as the central unit. 
During the seven months of testing and de- 
veloping that followed, an ideal and eco- 
nomical system for running the plant was at- 
tained. Whereupon the real work of smooth- 
ing out the bottom of the East River channel 
was begun. Before describing the methods 
adopted and the results obtained with I-R 
drills working under water, possibly a better 
visualization of the undertaking can be se- 
cured if we first give a description of the 
unit from which the drills are operating. 

The plant, today, consists of a barge, 110 
feet long and 32 feet wide, on which is in- 
stalled all the equipment necessary for its 
efficient maintenance. There is a 25-ton stiff- 
leg derrick, for handling small boulders, and 
a bucket for raising the broken rock. Housed 
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Diving unit of the “E. R. 101” equipped with “Jackhamers” for underwater drilling. 


at one end of the barge is a generator which 
furnishes current for lighting and blasting, 
and, in addition, charges a number of 8-volt 
storage batteries. These storage batteries are 
used for night lights and riding lights, thus 
obviating the necessity of keeping steam up 
after dark. Near the generator 
vertical steam boilers which operate at a 
working pressure of 125 pounds. Two steain- 
driven compressors, one a horizontal single- 
stage type and the other a cross-compound 
machine, deliver air at 109 pounds pressure 
to the “Jackhamers,” and, by means of an in- 
terposed reducing valve, supply air to the 
The barge has four anchors, two for- 
and two aft, weighing 1,600 pounds 

Two double-drum hoisting engines at 
each end make it possible to shift the boat 
to any position after the anchors are dropped. 
The anchor lines are 34-inch wire rope. It 
might be well to mention here that the throt- 
tle, the clutch, and the brake levers of the 
hoist and of the anchor engines are operated 
from the upper deck by a 1-man control. 

From one side of the barge «a “sweep bar” 
is suspended by two 44-inch wire cables. This 
sweep bar, or I-beam, is 30 feet long with 
extensions which give the bar a total length 
of approximately 50 feet. The raising and 
the lowering of the bar is done by a double, 
4x8-inch, single-drum, throttle-reverse engine. 
The engine is so sensitive that the sweep bar 
can be moved vertically .05 of a foot at a 
time. 


are two 


divers. 
ward 
apiece. 


It was. learned that twelve men was the 
smallest number that could efficiently handle 
the “E. R. ror.” There is a superintendent; 
a surveyman, who locates the boulders or the 
ledges and then draws maps of his findings; 
an engineman; a fireman; a craneman; a 
rigger, who also acts™# the capacity of a 
powderman; four deck hands—two of. them 
tending the divers while at work; and the 





two divers, on whom much of the success of 
the unit depends. 

The first step taken preparatory to dealing 
with the underwater rock is to spread the four 
anchors by dropping them at as many differ- 
ent points. In common parlance, spreading 
the anchors means that enough of the line of 
each anchor is payed out so that all four will 
be as far apart as possible. With this done, 
the barge—situated within the imaginary 
quadrangle thus formed—can be moved crab- 
fashion across the area in question by 
juggling the lines as occasion requires. 

But before the barge is set in motion, the 
sweep bar is lowered to the mean depth of the 
channel. When the divers have descended on 
the sweep bar and have taken their respective 
positions, one at each end, they inform the 
men on board the vessel by telephone that they 
are ready to commence the search. Where- 
upon, the man at the throttle on the upper 
deck manipulates the anchors so that the crab- 
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like motion of the barge is started. Slowly, 
the I-beam sweeps across the bottom of th 
channel—the divers keeping close watch, 
When an obstruction halts the bar, the fact is 
at once signaled by the divers to the men op 
the barge, and the manipulation of the anchors 
ceases. The divers then make a thorough ex. 
amination, and communicate their findings to 
the superintendent. 

If the projecting object happens to be 4 
boulder that will not overtax the Capacity of 
the derrick, a wire rope or a chain sling jg 
sent down, and the boulder is raised and 
taken aboard. On the other hand, if the 
boulder is too large to be handled in this 
manner, the divers so advise the men on the 
barge and the “Jackhamers” are sent down, 
These drills are of the DDR-13 type and are 
well known wherever rock is being excavated. 
The bubbles that soon appear on the surface 
of the water attest to the fact that the drill- 
ing is underway. Three steels, ranging in 
length from 2 feet to 5 feet, are needed to 
drill a 3-foot hole; and when a longer steel is 
required the diver notifies his helper by rope 
signals. For a 20- or a 30-ton boulder two 
drill holes suffice. 

As soon as the drilling has been completed, 
wooden plugs are inserted in the holes to seal 
them until the charges are made ready. The 
purpose of the plug is twofo!d: it not only 
keeps the hole clean but, by protruding, makes 
it easier for a diver to relocate the hole in 
case the blasting is to be done at another 
time. Galvanized tin tubes, 2 feet 
of a size to fit into the drill holes, are each 
filled with a small charge of 60 per cent. 
dynamite as a primer and about 5/4 pounds 
of 90 per cent. glycerine. After a charge has 
been fired, the divers descend again and ex- 
amine the results of the blast. 


long and 


Small pieces 
of rock are either pushed into nearby holes 
or are scooped up with a bucket lifted on to 
the deck of the barge, while the larger pieces 
are raised and deposited on board by means 
of chain slings. 

A diver’s work is not finished when he has 
drilled and loaded a hole: he must clean and 
oil his “Jackhamer.” At a bench in the deck 








Divers 


taking their respective stations before descending. 
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Deck hands awaiting signal to lower “Jackhamer” and drill steel to diver. 


house, he takes apart his machine and oils it 
with heavy liquid grease to prevent corrosion. 
When first employed, lard oil was used for 
the purpose; but inasmuch as this non-corro- 
sive lubricant, when chilled under water, con- 
gealed and slowed up the movement of the 
drill, it was discarded and a heavy fluid 
grease was substituted. 

The Engineer Corps of the Army has fur- 
nished some very interesting data which prove 
conclusively that its method of ledge and 
boulder removal is the most economical and 
the most effective way to accomplish the re- 
sults desired. While demolishing a project- 
ing ledge off 23rd Street, Manhattan, the as- 
sistant engineer in charge of the work at the 
time was able to get a fair idea of the costs 
involved. A survey showed that the ledge 
above the prescribed grade of 25 feet was 70 
feet long, 30 feet wide, and 21 feet deep. The 
material was hard Fordham gneiss; and the 
water surrounding the ledge for from 30 to 40 
feet ranged in depth from 25.5 to 27.5 feet— 
necessitating the raising surfaceward of sub- 
stantially all the broken rock. The task con- 
sumed 43 working days. Divers could go down 
only during slack-water periods; and it was 
considered a good performance to work during 
11 of these in the course of a week. 

The following is a summary of the work 
accomplished : 


Man-hours, divers down .............-. 268 
Man-hours, divers drilling ............. 114 
Man-hours, loading and blasting ....... 25 
Man-hours, slinging .................+5 120 
Man-hours, examining, etc. ............ 7 
Ree Menetration, ft. .....6..6..0e-eeee 528 
Average drilling rate per hour, ft...... 4.62 
Total number of holes drilled .......... 161 
Dynamite used in holes, Ibs............- 280 
Number of surface blasts ............-- 8 
Dynamite used in surface blasts, Ibs.... 13 
Cubic yards (loose measure) of rock re- 
SERS ee eee ioe RES aK 160.6 
Unloading, Cf SAAD ee Renesas HIE Je 3 


During this 43-day period the operating 
Costs amounted to $8,309.74, as follows: 


3 eR oh oes anche $3,707.97 
Supplies, dynamite, oil, rope, etc..... 700.55 
Fuel, bituminous coal .............:- 352.79 


Removals 


givin ke hae cud Secession eas 90.00 
Dernck batee “ERe10F oo. . 457-39 
Tending tug, “East River,” @ $60.00 

MMA eile acon we aioe Sakon h eee cea ei 2,880.00 
Rees MRO 6. Ok are che eemee 30.99 
SOREN MEINE Fos). chs <idciowie sas Sov oeey 81.05 


In listing his summary of work done, the 
engineer in charge of the “E. R. 101” com- 
puted the average drilling speed of the “Jack- 
hamers” at approximately one inch per min- 
ute. Unfortunately, no records have been 
kept of the actual speed of the underwater 
drilling. But how well the “Jackhamer” per- 
forms under the unusual and trying conditions 
of submarine work can be realized when it is 
learned that the average drilling speed given 
includes the time consumed in sending down 
the drill and the three steels; the time re- 
quired to do the drilling; and the time taken 
to return the drill to the deck of the barge. 

In spite of the fact that the divers are ham- 
pered by the force of the currents that sweep 
up and down the East River, it has been 
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proved that this new method of removing 
boulders and ledges is economically sound. 
To those of the United States Army Engi- 
neers who foresaw the successful employment 
of “Jackhamers” in submarine work, full 
credit should be given for what has and is 
being achieved. But like many other men in 
the Government service, their good work so 
often goes unsung: their usual reward is 
mainly that of knowing that they have faced 
a task and performed it well. 





NEW SOURCE OF MERCURY 
IN AMERICA 

ENTRAL Idaho is an almost untapped 

storehouse of mineral wealth. Although 
the day of the red-shirt miner with equip- 
ment that could be carried on a pack horse has 
passed in that region, the day of development 
by modern methods has only just begun, hav- 
ing been retarded by a lack of transportation 
facilities in that rugged, forested region. In 
the Yellow Pine district, in the Salmon River 
Mountains, there are promising deposits of 
antimony, gold, and quicksilver, none of which 
has yet been developed beyond the prospecting 
stage. 

Inasmuch as the mining of quicksilver in the 
United States has been on the decline latterly, 
the region in question should be of special in- 
terest, because it constitutes one of the few re- 
maining areas in the country that contains in- 
adequately tested mercury deposits, some of 
which may prove to be of considerable value. 
At one of the quicksilver mines in the Yellow 
Pine district tests are being made of a new 
apparatus for obtaining the metal from the 
ore. Although the initial tests of the plant 
under working conditions were unsuccessful, 
still the plant embodies novel features that 
may eventually prove real contributions to the 
metallurgy of quicksilver—an industry in 
which fundamental advances have been 
made in many years. 


few 











Broken ledge rock scooped from the bottom of the East River channel after a blast. 
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COMPRESSED AIR HELPS MEND PNEUMATIC HOSE 
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mender. Fig. 3—Bind loop of wire in position ready for tightening. Fig. 4—Locking the binding loop. Fig. 5—Cutting off 
the surplus of the binding wire. Fig. 6—The splice completed. Time required f 


Fig. 1—Hose about to be forced on mender to bring opposing ends together. Fig. 2—Hose ends brought together on the 
: or mending approximately two minutes. Compressed 
air is used to locate leaks in hose and to operate the mending apparatus. 
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Vermont's Varied Marbles 


Methods of Quarrying Have Been Vastly Improved Since 
Marble was First Produced Commercially in the State 


S has been said, the slabs of marble first 

used by Vermonters were split from out- 
cropping veins that had been exposed to the 
weather for untold periods of years; and the 
fact that these weathered slabs have given 
good service for more than a century and a 
half is convincing evidence of the enduring 
character of the material. 

Later on, the quarryman worked deeper in- 
to the veins and uncovered marble that had 
not been similarly exposed to the erosive ac- 
tion of the atmosphere and storms, and thus 
was made available sounder or more resistant 
rock—in short, grades of marble better suited 
to the varied purposes of the architect and 
the artist. For many years, the quarryman 
confined his efforts in the main to open-pit 
operations which followed downward the gen- 
erally vertical strata of the marketable ma- 


(Conclusion) 


By ROBERT G. SKERRETT 


terial, and his workings were limited to com- 
paratively shallow depths. That is to say, 
his methods and the facilities at his disposal 
made it impracticable or, at least, unprofitable 
to go deeper. 

In those days, the quarryman pursued his 
own untutored course—he did not turn to the 
trained geologist for guidance, and he had no 
way of knowing even approximately what the 
next foot of penetration might reveal in the 
way of encouragement or otherwise. His bus- 
iness was essentially a gamble. No wonder, 
then, that the history of marble quarrying in 
Vermont is filled with records of monetary 
losses and production failures. These details 
of the past are purposely mentioned so that 
we may have a contrasting background for 
our picture of the present efficient state of the 
industry as exemplified by the activities of 

















Left—This saw has set in its rim or eutting edge 125 diamonds. 
hardest of Vermont marble and do the cutting rapidly. 


Right—Her 





hardness of the marble, at the rate of from 1% to 1% inches an hour. 


the Vermont Marble Company. Today, thanks 
to the aid of the geologist and to exploratory 
work carried out on an extensive scale, the 
up-to-date quarryman in Vermont has a rea- 
sonably accurate idea not only of the disposi- 
tion and the character of the underground de- 
posits of marble, but he knows whether or 
not it would pay him to develop these de- 
posits. In this process of preliminary investi- 
gation, the core drill plays an important part; 
and the cores obtained in this way at different 
points and at different depths enable the quar- 
ryman to visualize the otherwise hidden veins 
and to evaluate their potential productiveness. 

At one of the quarries of the Vermont Mar- 
ble Company, exploratory drilling of this sort 
has been carried to a depth of fully 500 feet 
below the surface of the ground at numerous 
points. Even so, these precautionary meas- 











If given plenty of water, the saw will work its way through the 


e we see an electric-air Temple drill cutting a continuous vertical groove or channel in the face of the marble. 


Bottom—A block of marble being run on to a cutting table in a saw mill. The saws cut a block into slabs, depending on the 
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ures cannot exclude all 
elements of risk; and 
the opening up of a new 
quarry, especially, is apt 
to be attended with some 
business uncertainties. 
Such being the case to- 
day, it is not hard to un- 
derstand why so many of 
the earlier quarriers of 
marble in Vermont went 
to the wall and could not 
make their undertakings 
pay. 

During the last three 
decades, marble - quarry- 
ing practices have been 
revolutionized. To sim- 
plify our story, and to 
make this progress clear 
to our readers, we 
shall confine our descrip- 
tion to the procedure of east iron on which are continually fed sand and water. 
which has been gradual- 
ly developed in working one of the greatest how present methods have been made possible 
of the marble deposits in what is known through engineering genius that has devised 
as the West Rutland district. Marble was first different and more effective agencies with 
quarried at West Rutland about 1807; but it which to get out great blocks of marble. 
was not until the Gilson Quarry was opened At West Rutland, the blocks of marble 
up in 1844 in that district that any significant brought to the surface from the bowels of the 
advance in the industry was made. The Gilson earth have an average weight of 15 tons 
Quarry now constitutes one of a series of apiece, and these are approximately cubical in 
covered or underground quarries that form a form. Of course, larger and heavier blocks 
single great working lying several hundred feet are taken out. The largest single block so far 
down and extending more or less horizontally quarried by the Vermont Marble Company 
a distance of substantially half a mile. ihe weighed 63 tons; and out of this was cut the 
walls of the Gilson Quarry that are adjacent bowl of a beautiful memorial fountain now 
to the original pit mouth bear evidence of standing in Detroit, Mich. Again, oblong 
the manner in which the pioneer quarrymen had__ pieces of marble, 4 feet square and 32 feet 
to work and serve by way of contrast to show long—each weighing 46 tons, have been quar- 
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Left—A block of marble being dragged from the tunnel in the Riverside Quarry to a po 
Right—Here the derrick has picked up the block and will swing it on to a car which 
it directly to the surface. 
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Marble slabs are ground true to size on rubbing beds which are revolving disks 
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ried so that they might 
be turned into pillars fo, 
the facade of the Phila. 
delphia home of a well. 
known publishing com. 
pany. 

At the very start, le 
it be said that in getting 
out so-called dimensional 
stone of the nature’ of 
marble it is not practic. 
able to use explosives to 
assist in freeing the 
blocks from the parent 
ledge. Blasting cannot be 
resorted to because the 
action of the explosive 
cannot be controlled as 
desired; and a_prohibi- 
tive percentage of the 
marble would be dam- 
aged or made unmarket- 
able if explosives were 
employed by the quarry- 
man. Therefore, a procedure must be followed 
that will make it feasible to cut the blocks so 
nearly free on all sides of union with the ledge 
that the final severance can be effected with 
wedges that split the stone along prescribed 
lines. The way this end is attained today dif- 
fers radically from that pursued a few decades 
ago. 

In the early days of West Rutland all drill- 
ing was done by hand—the drill steel being 
held and rotated manually and driven progres- 
sively deeper into the rock by the cumulative 
blows of a vigorously swung jack or sledge. 
Lines of closely spaced holes were drilled 
where the block was to be broken loose, and 
the intervening “bridges” of rock were frac- 








int where it can be handled by a derrick. 
will carry it to the hoist that will raise 
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This view of the Pittsford Valley Quarry shows how great horizontal braces of reinforced concrete have been interposed 
te steady the quarry walls and to prevent them from moving inward following the removal of the blocks of marble. 
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Left—Blacksmith shop, equipped with a “Leyner” drill sharpener and an I-R oil furnace at the Hollister Quarry. 
Right—The belt-driven compressor, of type XRB-2, which supplies air for the “Jackhamers” that are used in the Hollister 


Quarry. 


tured by means of a series of wedges driven 
into a sufficient number of drill holes. In this 
manner, each block was laboriously and slowly 
detached from the ledge. The average work- 
man of that period was paid much less than 
a dollar for a long day’s labor; and the ele- 
ment of time did not count so seriously in the 
ultimate cost as it has since come to do in all 
departments of productive effort. Further- 
more, marble was not then so much in de- 
mand as it now is for widely differing pur- 
poses. 

Subsequently, hand drilling was superseded 
by mechanical drilling; and the most effective 
of these drills were steam driven. The steam 
drill radically altered quarrying methods, and 
made it possible for the quarryman to greatly 
increase his output and, incidentally, 
his unit costs. The steam drill had serious 
drawbacks. In order to avoid long lengths of 
piping, with their inci- 
dental losses due to con- 
densation and to leaking 
joints, the steam boilers 
were placed down in the 
quarry. To guard against 
freezing, the pipes had 
either to be drained dur- 
ing off-hours in the cold 
months or steam pressure 
had to be maintained in 
the pipes continuously. 
This is understandable 
when one is reminded 
that the temperature in 
parts of the subterranean 
quarries is so low that ice 
is always present even 
though the day may be a 
sizzling one above ground. 
In the wintertime, the 
thermometer frequently 
drops to the zero point, 
and in the summertime it 
seldom above 
60°F. in the warmest 


to lower 


registers 


sections of the workings. The use of steam 
was otherwise objectionable. Fuel had to be 
lowered into the quarry; the resulting ashes 
were troublesome; and smoke from the boilers 
and escaping steam from leaky joints and rock 
drills so befogged the atmosphere that the 
workers were handicapped in carrying on their 
tasks. At that time, the quarries were not il- 
lumined with electric lights, and hand torches 
furnished a pallid glow that covered but a very 
small area. Finally, escaping steam and smoke 
had harmful effects upon the health of the 
toilers. 

Notwithstanding these drawbacks, the steam- 
driven rock drill or channeler—as it later be- 
came—represented a marked advance in the 
art. The steam drill made a line of closely 
spaced holes while the steam channeler cut a 
deep slot or groove; and the channeler enabled 
the quarryman to work to greater advantage 





Electrically driven miné-car compressor, on a temporary mount, 
operating air to “Jackhamers” in a West Rutland quarry. 
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and to get out more salable marble. The 
problem of ventilation was ever present in the 
covered quarries where steam machines were 
used; and the fouling of the atmosphere by 
reason of smoke, coal gas, and steam limited 
the depths to which the quarryman could go 
as well as the length of the associate rooms or 
galleries. In brief, operations were halted 
even though an abundance of valuable marble 
was within reach. 

And now we come to that epoch in marble 
quarrying that has been made possible by the 
development and the extensive employment of 
the electric-air channeler. The electric-air 
channeler is a machine that utilizes electricity 
instead of steam as a prime mover. The sub- 
stitution of electricity immediately altered the 
atmospheric conditions within a covered quar- 
ry; made it possible for the workers to labor 
to better advantage and in greater comfort; 
and permitted operations 
to be extended to in- 
creased depths and far- 
ther laterally than pre- 
viously. Incidentally, the 
introduction of electric 
lighting was very bene- 
ficial. 

For the sake of such 
of our readers as may 
not be familiar with the 
electric-air channeler, 4 
brief description may be 
timely. In channelers of 
this kind, an electric mo- 
tor drives a form of aif 
compressor which, in its 
turn, provides the motive 
medium which actuates 
the piston which movés 
the drill steel. In fact, 
the compressor is a pul 
sator that produces if 
termittent air impulses 
within a closed circut, 


furnishing and these alternating pul- 
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sations cause the piston 
of the channeler to travel 
back and forth. Because 
the air moves within a 
closed circuit, there is no 
exhaust which might be- 
fog the atmosphere and 
obscure the field of oper- 
ations. The cutting agency 
used by the channeler is 
a gang of chisel-like steel 
bits—each of the five 
steels having a width of 
1% inches and a thick- 
ness of 1 inch. These 
five bits attack the rock 
simultaneously, and pro- 
gressively cut a channel 
or slot of increasing 
depth and length as the 
machine advances on its 
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points. This is really g 
modification of the room. 
and-pillar method exten. 
sively resorted to in the 
mining of other miner. 
als; and this practice jp 
the covered marble quar. 
ries gives them a spec. 
tacular aspect which js 
unique and, withal, de. 
cidedly impressive. When 
the tunnel has been ex. 
panded so as to clear 
sufficient floor space, then 
the channelers start to 
cut their paralleling slots 
which are also run at 
right angles in order to 
cut the “key” blocks free 
on all four sides. After 
the key blocks are wedged 





own track that is laid on 
the quarry The 
channeler and its support- 
ing rails can be shifted 
easily from point to point in making a series of 
cuts in either the floor or the face of the quar- 
ry, as occasion requires. Some of the channel- 
ers have adjustable swing-backs which enable 
the machines to cut the reck vertically or near- 
ly horizontally, or at any angle -in between 
these extremes. 

Inasmuch as the number of blows struck each 
minute can be regulated within a wide range of 
speed by means of motor control, it is entirely 
practicable to temper the attack upon the rock 
so as to avoid what is technically known as 
“stunning’—that is to say, fracturing the rock 
on either side of the channel and thus reducing 
the usable volume of a given 
block. The Vermont Marble 
Company was quick to recog- 
nize the potentiality of the elec- 
tric-air channeler and prompt 
to adopt it for service in its 
numerous quarries. With the 
institution of electric-air chan- 
elers and the employment of 
electric lights in the under- 
ground workings, it is under- 
standable why the company saw 
fit to create five hydro-electric 
power plants at as many differ- 
ent points on Otter Creek so 
as to convert into a form of 
distributable energy the latent 
power in the falling waters of 
that picturesque stream. 

Not all the drilling is done 
with electric-air channelers in 
the quarries of the Vermont 
Marble Company. “Jackham- 
ers,” supported by quarry bars 
or carried on special mounts, 
are so arranged in pairs that 
they can drill simultaneously 
either two lifter or two gad- 
der holes. Gadder holes are 
driven into the rock along a 
vertical line while lifter holes 


floor. 


other users. 


Part of the storage yard at Proctor where an average of 8,000 blocks of marble 
is kept im stock and ready to be worked up in the near-by shops or shipped to 


are driven at the base of a block of marble 
along a horizontal line 
into these holes to fracture the intervening 
bridges, the channeler having previously cut 





wedges being driven 


the slot which separates the rear of the block 
from the ledge. Vertical shearing cuts are 
frequently made in the face of the marble by 
electric-air Temple drills which can be set up 
on quarry bars. 

In opening up any underground quarry it is 
necessary to drive one or more lateral tunnels 
with rock drills, and then to expand these tun- 
nels—supporting the overlying rock by leaving 
undisturbed pillars of the marble at suitable 





Flat marble surfaces are polished by a small whirling plate which 
is coated with different polishing materials as the work progresses. 


free and removed, then 

the remaining strips of 

rock are channeled only 

on two parallel sides—the 
being broken loose by the 
drilling and the wedging of gadder and of 
lifter holes, as already described. In passing, 
it might be mentioned that the slot cut by the 
channelers may be as much as 20 feet deep. 

At West Rutland, a block cut from the par- 
ent ledge starts its journey surfaceward by 
being dragged by an electric hoist to a point 
where it can be picked up from the quarry 
floor by a stiff-leg derrick and lowered on to 
a car on the level below. This car, drawn by 
an electric locomotive on a standard-gage 
track, carries the block either to an inclined 
railway, having a 45-degree gradient, or to a 
position where the block can 
be reached by a derrick swing- 
ing above ground over the pit 
mouth. On reaching the sur- 
face, the block is sent to the 
storage yard or moved directly 
to one of the mills for cutting. 

The West Rutland plant in- 
cludes a mill in which blocks 
of marble can te cut to pre- 
scribed size or sawed into a 
number of slabs of a predeter- 
mined and uniform thickness. 
The saws in this mill are 
smooth-edged blades of steel, 
and it is the back-and-forth 
movement of these horizontal 
blades, combined with sand and 
water fed to them, that slices 
the marble blocks. As many as 
50 saws can work simultaneous- 
ly on a block; and the thinnest 
slabs so cut have a thickness 
of only 7 


succeeding blocks 


% inch. The marble 
cut by the saws is utilized for 
many purposes. The major part 
of it goes into the exterior and 
the interior finish of buildings 
and into the making of monu- 
ments or memorials of differ- 
ent sorts. Besides these main 
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yses of the material, 
marble is daily worked 
into table tops, scale 
tops, candy slabs, electric 
switchboards, garden fur- 
niture, etc. 

In the storage yards at 
West Rutland and Proc- 
tor, the company keeps 
on hand 20,000 blocks of 
marble from the associ- 
ate quarries. Inasmuch 
as the Vermont Marble 





Company has been the 
outgrowth of the work 
started at Sutherland 
Falls—now Proctor, it is 
at this point that most of 
the final cutting and fin- 
ishing of the marble is 
done. There, for certain 
purposes, the marble 
blocks are shaped to size 
or cut into sections by a circular saw, the cut- 
ting rim of which is set with 125 diamonds. 
This saw makes 600 revolutions a minute, and 
will cut the hardest of marbles provided the 
rim is kept wet with water. 

Most of the marble, after it is sawed, has to 
be ground to size on what are known as “rub- 
bing beds.” The rubbing beds are revolving 
cast-iron tables or disks on which sand and 
water are spread—the piece of marble being 
suspended or held in place so that it will rest 
either with its full weight or part of its 
weight on the whirling bed. In this way, ir- 
regularities are rubbed away and the con- 
tacting surface of the marble is given what- 
ever degree of finish may be desired. It is, 
of course, necessary to maintain an even and 
a continuous distribution of sand and water 
on a rubbing bed; and the finer the sand the 
finer the finish. 

All told, something like 350 tons of sand are 
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The lime plant at West Rutland is a by-product establishment in which other- 
wise waste marble is crushed, roasted in revolving kilns 120 feet long, and finally 
turned out as lime that is extensively used in the chemical industry and in agri- 
culture. 


used daily in the company’s mills. This sand is 
delivered by an aerial cableway having a span 
of two miles, and each 
pounds of the material. 


bucket carries 500 
The sandpit lies on the 
farther side of a high hill; and the same glacial 
action which played an important part in the 
history of Vermont’s marble also ground the 
quartz ledges into sand which is now so es- 
sential in the milling of the commercial marbles. 

As some of the accompanying illustrations 
show, compressed air performs various useful 
services in giving the product its ultimate form 
or finish. Pneumatic tools are used extensively 
to cut and to shape the marble; and compressed 
air lifts and lowers heavy masses and otherwise 
lightens work by doing many helpful things. 
The marble mill is no exception to other shops 
in which compressed air is available 





the fer- 


tile-minded worker is not slow in putting it to 
use if it will make his tasks easier or enable 
him to obtain better results. 


The prime movers 


In the finishing shop at Proctor, where the decorative cutting is done for the most part with pneumatic tools. 
on which the stone at the left rests is raised and lowered by compressed air. 
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for nearly all the me- 
chanical operations are 
electric motors ; and these 
motors must be cleaned 
once so often—the work 
being done usually with 
jets or blasts of com- 
pressed air. 

The polish on marble 
has probably aroused the 
wonderment of the aver- 
age layman, and he has 
speculated how it is pos- 
sible to give stone so 
shiny a finish. In the 
case of large flat sur- 
faces, much of this pol- 
ishing is done by ma- 
chine, while curved or 
molded surfaces must be 
rubbed down by hand. 
The polishing machine 
generally takes the form 
of a small whirling plate attached to a movable 
arm; and the plate is changed accordingly as 
the ultimate finish varies. The first stage of 
the polishing is done with a plate coated with 
carborundum; the second plate is coated with 
an aluminous abrasive; while the third rubbing 
is done witha fine hone. The finish imparted by 
this hone has a dull gloss and is the one often 
prescribed for certain kinds of monumental 
work. When a glassy polish is desired, this 
finish is finally produced by a revolving plate 
that is covered with felt which is coated with 
polishing putty. 

Marble has more than beauty to the eye to 
commend it for the different uses to which it is 
put; and, in conclusion, let us emphasize some 
of the advantages that can be urged in behalf 
of its adoption for a variety of services that 
call for more or less exposure to the action of 
the elements. Vermont marble is notably pure, 
as indicated by the following analyses made by 
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Proof of the enduring quality of Ver- 
mont marble. This old headstone, still 
standing in a cemetery in Bennington, 
was cut from an outcropping ledge in 
1797. Note the crispness of the decora- 
tion and the clearness of the chiseled 
lettering. 


the United States Geological Survey. For the 
sake of comparison, both blue and white marbles 
are mentioned: 


Analyses of marble from West Rutland, Vt. 








Blue Whiie 

Percentage Percentage 
Silicate of alumina... 0.22 0.62 
Calcium carbonate... 99.15 98.75 
DONE su. dake s.k70 6D 0.57 0.59 
Organic matter ..... 0.05 0.00 
99.99 99.96 


Analyses of marble from Proctor, Vt. 





Light Dark 
Percentage Percentage 
Calcium carbonate... 96.30 8.37 
Magnesium carbonate.. 3.06 0.79 
Iron carbonate ....... 0.053 0.034 
EID nt asin, Bie 3 aie tix 0.63 0.63 
Organic matter ...... 0.004 0.08 
Manganese oxide ... 0.00 0.005 
100.047 99.909 


Tests made by the Government have revealed 
that Vermont marble has a crushing strength 
of 16,156 pounds to the square inch—outstand- 
ing evidence of durability. Similarly, other 
tests made by the Federal authorities have 
shown that Vermont marble is especially low 


in its capacity to absorb moisture. This char- 
acteristic is of marked value in those cases 
where the stone would normally be expected 
to withstand exposure to the weather. Further- 
more, it has been established that Vermont 
marble may be exposed, without fear of injury, 
to a temperature of 1,200°F. Regarding this 
phase of the subject, a well-known fire insur- 
ance paper—the New York Underwriter—has 
made this statement as a result of certain re- 
searches designed to disclose the relative heat- 
resisting properties of certain 
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manner that the point to be straightened come 
directly under the ram, which is 9!4 inchs 
long and is capable of exerting a pressure of 
150 tons. 

When an unusually bad “kink” is encoun. 
ered, the ram is permitted to force the jij 
past the center so that it will spring back 
alignment as soon as the ram is released. Up. 
der ordinary conditions, a pressure of from 50 
to 60 pounds suffices to straighten a bent rail } 
To prevent a rail from springing up and strik. 





kinds of materials: “Taken as a 
whole, the heat-resisting capacity 


of building stone stands as fol- 
lows: Ist, marble; 2nd, lime- 
stone; 3rd, standstone or free- 


stone; 4th, granite; 5th, slate; 6th, 
conglomerates.” 

In short, after long years of use 
and as an outcome of much scien- 
tiie inquiry, Vermont marble is 
firmly established as a material of 
outstanding excellence for struc- 
tural and other purposes. This 
excellence is due to its beauty, to 
its adaptability, and to its dur- 
ability. 








AN INGENIOUS RAIL 
STRAIGHTENER 
NE of the machines that makes 
for operating economies at the 
Springfield, Mo., reclamation plant 








of the Frisco Railway is a com- 
pressed-air-operated rail straight- 
ener. This straightener handles 
each month approximately 30 car- 
loads of deformed rails coming 
from all sections of the company’s system. 
This pneumatic rail straightener was orig- 
inally a locomotive crank-pin press, in use in 
one of the railroad’s shops at Sapulpa, Okla. 
From there it was sent to the reclamation piant, 
where it was converted from a horizontal to a 
vertical press and a base casting added. As 
it stands today, the press is operated by a small 
hydraulic pump which, in its turn, is actuated 
by compressed air at a pressure of from 90 to 
100 pounds per square inch. On each side of 
the press is fastened a piece of No. 90 rail, 
held to the base by means of studs. The faulty 
rail is laid across these supports in such a 





The stock yard at Proctor covers 








several acres and is filled with pieces of 
marble cut to many different sizes and held in readiness for all sorts of demands. 





Air-driven hydraulic press used to straighten 
rails at the reclamation plant of the Frisco Railroad, 
Springfield, Mo. 


Courtesy, The Frisco Employes’ Magazine. 


ing the operator after the pressure is releas¢i, 
the straightener is provided with safety guard 
in the shape of round steel straps, which ar 
plainly shown in the accompanying photograph. 

No matter how badly a rail may be & 
formed, it can be made straight again in th 
press in from two to three minutes. About § 
rails are handled and made fit for service eath 
day. The estimated cost of this work per mi 
is $1.15 as against an outlay of $1.95 if the 
rail were sawed and redrilled. 

But besides helping to straighten rails, com- 
pressed air is made to do other useful worka 
the Springfield reclamation plant in an effort 
to save time and money. One of these appl 
cations is that of operating a waste-paper bale 
In this machine is baled all the scrap pape 
from the Frisco Railway offices, excepting th 
paper from those in the St. Louis district 
Each bale weighs 100 pounds, and is sold fi 
one cent a pound. 





RUTLAND VERMONT’S MARBLE 
CENTER 


Through an error in proofreading, Burling 
ton was mistakenly mentioned in our July * 
sue as the business center of Vermont's sple 
did marble industry. Rutland enjoys this & 
viable distinction, and has been the centef of 
the business ever since the industry was fifi 
ly established in the Green Mountain State. 
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Lofty Bri 


N the heart of central Oregon, through 
I typical wild-west desert, flows a 
small but swift stream known as the 
Crooked River. The headwaters of this 
river are in what is known as the High 
Desert; and for ages and ages the 
water has been eating its way through 
solid rock and lava beds until; today, 
the river itself flows more than 300 feet 
below the surface of the surrounding 
country. The walls of this gorge 
have been covered with fantastic fig- 
ures by the action of time, by the 
faults in the rock, and by the peculiar 
formations of innumerable lava flows. 
There are no trails into the canyon 
other than the original wagon road, 


, 2 ly s < thi This portable compressor furnished air for the pneu- 
used by the rattan ettlers, which has tools used in constructing the Crooked River 


matic 


of late years served as an auto high- Bridge. 


way. This road is narrow, rough, and 
dangerous; and, until recently, was the only 
means of crossing the canyon and linking up 
the improved Dallas-California Highway. 

On April 8, the last span of a cantilever 
bridge of the most approved design was put 
in place, and with very little ceremony the 
huge structure was swung together and tem- 
porarily bolted until the riveters could do 
their work—thus completing the last link in a 
fine macadam highway that allows one to 
travel from the seacoast, thence through cen- 
tral Oregon, and down into California. 
































By PAUL H. HOSMER 
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The new bridge is 331 feet long and 302 
feet above the river bed, and is said to be 
the loftiest modern highway bridge in Amer- 
ica. The steelwork was erected by Booth & 
Pomeroy, of Portland, Ore., under a subcon- 
tract from Kuckenberg & Wittman, the gen- 
eral contractor, also of Portland. Building 
operations on the bridge were started from 
both sides of the canyon at once, each section 
being held against its respective bank by 
heavy steel braces and jacks. The bases of 
the four lower arcs were so secured by an 
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dge Forms Last Link in 
Important 


Ly 


arrangement of hinges that the bridge 
units could readily be lowered into 
position as the jacks were loosened. 

Two portable compressors supplied 
air at a pressure of 100 pounds to drive 
the riveting hammers that were used 
to bind together the various sections of 
the span suspended way up above the 
river bed. The two machines were con- 
nected by an aerial pipe line swung 
across the gorge. All materials for the 
structure were unloaded on the north 
bank and carried to the opposite shore 
by a “high-line” cableway. This cable- 
way was supported by two framed gin 
poles which could be swung from one 
side to the other, thus allowing the 
high line to sway over whichever side 
of the bridge the men happened to be 
working on. 

The donkey engine employed to operate the 
cableway was an old one that had been used 
on a pile driver but that, despite its age, 
worked well at all times. Water for the boil- 
ers had to be pumped 320 feet from the river 
to the plateau on which the “donkey” stood— 
a small triple-valve pump doing the work 
satisfactorily. 

Crowds of tourists and sight-seers visited the 
scene while operations were in progress, no 
doubt attracted by the perilous nature of the 
undertaking. Seemingly undisturbed by the 
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Building across the deep gorge of the Crooked River what is said to be the highest modern highway bridge in America. 
In the distance is seen the Oregon Trunk Railway bridge. 
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awful depth below them, the workers flirted 
with death almost every moment of their 8- 
hour day as they scrambled about on the inse- 
cure footing offered by the lofty structure. 
Not a man was injured on the job. 


The state has recently acquired 60 acres ad- 
jacent to the approaches of. the bridge, and 
this land is to be used as a park for the ac- 
commodation of tourists that wish tu stop and 
to admire the scenery from the banks of tle 
Crooked River. The new bridge is not only 
a lasting memorial to the state but a thing of 
beauty ; and it is expected that the span will go 
a long way towards swelling the already in- 
creasing tide of automobilists traversing cen- 
tral Oregon. 





COMBINED HEAT AND- 
PRESSURE TESTS 


N the past, building materials have been 

tested for their capacity to withstand heat; 
but, even so, fire tests heretofore made have 
not been considered conclusive becatise it has 
been impossible to try out the materials at one 
and the same time both for heat and pressure. 
Recently, however, means have been devised 
which make it possible to determine the resist- 
ance to heat of steel and tile building materials 
while under the pressure to which they would 
ordinarily be subjected in a wall or in some 
other part of a structure. Tests of this de- 
scription are now being made at the Under- 
writers’ Laboratories. 


For the purpose, there has been built a big 
steel frame, supported by girders, and witi:. the 
sill resting on hydraulic jacks. Within this 
frame is set a wall, for example, made up of 
the material to be experimented with. With 
the wall in place, it is subjected to furnace 
heat while undergoing pressure applied by the 
jacks. In this way, the investigators can de- 
termine whether a wall of a certain material 
and type of construction will remain firm or 
give way when exposed simultaneously to fire 
and to pressure. 





CYANITE MAKES HIGH-GRADE 
FIRE BRICK 


N investigation of the properties of brick 

made of cyanite, a fire-resisting material, 
has been partially completed by M. S. Freed at 
the United States Bureau of Standards. The 
material used came from a recently discovered 
deposit in India, and much of it contained over 
95 per cent. pure cyanite. This cyanite, either 
raw or calcined, pure, or bonded with clay, 
produced refractory bodies capable of with- 
standing standard and modified laboratory 
tests for high-grade refractories. 


The bodies not only showed excellent re- 
sistance to spalling and to deformation under 
load at high temperature but also indicated a 
uniform and low thermal expansion and a 
high melting point. Petrographic analyses re- 
vealed complete conversion of cyanite to mul- 
lite in the test specimens; and the results of 
the laboratory tests prove the bodies to be the 
equal in quality of many so-called “super-re- 
fractories” now on the market. 
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YPICAL of the spirit of the West has 

been the keen interest shown in the recent 
appearance of an oil-electric locomotive on the 
Chicago & Northwestern Railway, the first to 
go into service on any Western railroad sys- 
tem. The everyday performances of this 
smokeless and noiseless newcomer in railroad 
motive power are being watched by railroad- 
men everywhere throughout the West. 

On the heels of the debut of the oil-electric 
on the Chicago & Northwestern, it is an- 
nounced that an oil-electric of the 100-ton type, 
with a capacity of 600 H.P., has been ordered, 
for delivery during the summer, by the Great 
Northern Railroad system. 

Before going into active yard service upon 
the Chicago & Northwestern Railway, the oil- 
electric ran under its own power, without load, 
to Chicago, IIll., from Schenectady, N. Y., 
where it was assembled at the works of the 
American Locomotive Company. Upon the 
run of 832 miles it consumed 238 gallons of 
fuel oil—an average of 3% miles to the gallon. 
Its economy of operation was reflected in a 
cost of $11.90 for fuel oil and 50 cents for a 
gallon of lubricating oil, or $12.40 for all the 
oil used on the run. 

News reports conveyed word that, upon 
reaching Chicago, the oil-electric locomotive— 
exhibited for a day at the Chicago & North- 
western terminal—was viewed by upwards of 
100,000 persons. On its run to Chicago by 
way of Erie, Pa., pausing at various cities and 
towns along the New York Central Lines, an- 
other 100,000 townspeople saw it. According 
to all accounts, it was a veritable journey of 
triumph for this latest arrival in American 
railroading. 

At Cleveland, City Manager Hopkins de- 
clared, after climbing aboard, that the oil- 
electric, because of its smokelessness and its 
facility and economy of operation, will be “the 
coming motive power of the age.” Mayor 
Dever, of Chicago, who inspected it at the Chi- 
cago & Northwestern terminal, voiced a similar 
opinion. 

Among the throngs that clambered aboard 
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the oil-electric at its various stops were cit; 
officials, railroad executives, college students 
in fact people of all walks of life. Women 
who boarded it remarked upon the cleanlines; 
of the oil-burning locomotive. 





BARGES MAKE SHORT CUT 
THROUGH TUNNEL 
aegis barges inland from the sea by 

way of a tunnel is rather an unusual pro. 
cedure. Such a service, however, is now being 
maintained between the Port Marseilles, 
France, and the great salt-water lake known as 
Etang de Berre. 

The tunnel, which is 5 miles long, was re. 
cently completed, and is said to be the world’s 
greatest covered way for the passage of ship. 


of 


ping—in this case, of barges up to 1,200 tons 
burden. As a matter of fact, the tunnel is wide 
enough to permit two such barges to pass each 
other. 

According to The Daily Mail, of London, 
“The tunnel offers a direct route between Mar- 
seilles and Central Europe by way of the Rhone 
Canal and the great inland waterways of the 
continent, with which the Rhone to Rhine 
Canal is connected.” 





COMPRESSED AIR LOCATES 
LEAKS IN BOILERS 
CORRESPONDENT in a recent issue of 
Power describes an interesting method of 
locating leaks in water-tube boilers by the aid 
of compressed air. The boiler to be tested is 
first shut down and, after it has cooled, is 
cleaned externally. Next, the plug in the auto- 
matic drumhead stop and check is removed and 
a hose connection made at this point with the 
compressed-air line. 

With the air pressure on the boiler, it is 
possible for an inspector to examine not only 
the tubes and the tube ends in the headers, as 
well as the mud and steam drums, but he cat 
also test the steam gage, the high- and the low- 
water alarm, and the gage cocks. If repaifs 
are found necessary, these can be made and 
tested without the need of firing the boiler. 
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This is a longitudinal section of the type of oil-electric locomotive manu- 
factured conjointly by the American Locomotive Company, the General Electri¢ 
Company, and the Ingersoll-Rand Company. 
the locomotive as well as some of the internal details of the oil engine, together 
with the propelling motors that are connected with the driving wheels. 


It shows the general arrangement of 
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N many of the outlying sections of our cit- 

ies it is quite a common sight to see large 
gas holders rearing their bulk against the sky- 
fine. Probably few of us who use gas in one 
way or another ever give these tanks a thought. 
Those who have a bent for close observation 
may have noticed that the type of holder in 
common use today varies in height--that is, it 
appears to go up and down at certain times in 
the week or at certain hours during the day. 
This movement, however, is gradual, and may 
readily escape notice. In this age of wonders, 
we are very prone to take for granted many of 
the things that are going on round about us; 
and yet back of the prosaic gas holder there 
lies an interesting story, particularly to the 
student of pneumatics, because compressed air 
plays an important part in the building of these 
structures. 

Gas is usually manufactured at a fairly uni- 
form rate throughout 24 hours of the day; but, 
as can be readily appreciated, the rate of gas 
consumption varies largely at different times in 
the course of the day. Even the common prac- 
tice of baking cake on Saturday and of cook- 








Plates is in place. 
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Gas Hold 


Top—Lowering into place the floor of the 6,000,000-cubic-foot gas holder. 
and he spavation had to be carried out slowly and carefully to avoid buckling. 
Left—Second stage in the erection of the 1 
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By F. A. McLEAN 


ing roast beef or chicken on Sunday affects the 
demand, not to mention the slump on Mon- 
day when most everyone eats left-overs. To 
keep pace with this fluctuating demand, the 
storage tanks, as most of us are aware, are 
made to telescope—that is, to rise and fall 
with the increase and decrease in the contained 
volume of gas. In other words, it is made up 
of a tank of water above which are arranged 
several lifts having water-sealed connections to 
prevent the escape of gas at the telescoping 
joints. As the gas enters the holder and 
raises the telescoping sections, the weight of 
the metal to be supported by the gas increases 
and this, in turn, increases the pressure on the 
gas. Therefore, the higher the holder is raised 
within its limits the greater must be the re- 
sulting gas pressure. 

3ut as it is desirable that gas of a more or 
less uniform pressure be supplied to the con- 
sumer, the gas from the holder is sometimes 
passed through a governor before it is per- 
mitted to enter the mains. This is a simple 
mechanical device which converts a variable in- 
take pressure into a fairly uniform pressure in 








arge gas holder. 


This was done by using a large number of screw jacks; 
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we 


uilt in Canada 
Compressed Air Used in Various Ways was Instrumental in 
the Erection of This Structure 


the distributing mains. From this governor the 
gas is fed into the street mains, through the 
curb cock, service line, and house meter, and 
thence to the consumer’s several fixtures and 
appliances. At some plants it is the practice to 
compress the gas issuing from the storage 
tank and to carry it through medium-pres- 
sure lines to various districts, where the pres- 
sure is regulated as desired. This method, 
which is often a more economical one than 
that of conveying the gas the entire distance at 
low pressure, is employed, among others, by 
the Montreal, Light, Heat & Power Company, 
which has had built a 6,000,000-cubic-foot gas 
holder that will be described presently. 

Like other gas-making equipment, the gas 
holder or gasometer, as it is sometimes called, 
has been considerably improved within the past 
50 years. The original holders built by some 
of the Canadian companies were small circular 
brick structures that had no means such as 
are now used for regulating the pressure of 
the gas. Some idea of the advance made in 


the design and the construction of this essen- 
tial part of a gas plant’s equipment may be 























The floor plates are in their final position, and one course of the vertical 
The cranes are being assembled to handle plates, jaw riveters, scaffolds, etc. 
Right—Third stage during the construction of the 6,000,000-cubic-foot gas holder. 


Several courses of the side plating are in place 
and temporary supports have been reared to sustain the top of the tank during its assembling. 
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Interior of the latest gas holder at the La Salle 
plant, showing the fourth stage in the erection of this 


large container. 


gathered from the fact that back in the 
“eighties” and “nineties” a 500,000-cubic-foot 
gas holder could be erected at an average cost 
of about $45,000, whereas the 6,000,000-cubic- 
foot steel tank recently erected at the La Salle 
plant of the Montreal, Light, Heat & Power 
Company cost about $750,000. 


The contract for this new holder was award- 
ed in September of 1923 to the English con- 
tracting firm of Ashmore, Benson & Company, 
Ltd., of Stockton-on-Tees, England. This firm 
makes a specialty of building gas holders and 
other large structures of a similar character, 
and has developed a splendid organization for 
executing undertakings of this kind. The 


work of excavating was begun shortly after 
the contract was signed so that it might be 
possible to start building operations immedi- 
ately after the arrival of the first shipment of 
structural steel. 





of 6,000,000 cubic feet. 








wi mn 


The holder is of the 3- 
lift type. It is 250 feet 
in diameter; has a maxi- 
mum height of 200 feet; 
and the steel used in its 
get-up has a total weight 
of 3,150 tons. All this 
material was rolled in 
England; and the plates, 


guides, knees, and other 
parts were cut, drilled, 
punched, and, in some 


cases, partly assembled in 
the contractor’s works at 
Stockton. With the field 
operations so far from 
the base of supplies, it is 
a tribute to the foresight 
and the skill of the mod- 
ern structural engineer 
that all the parts were 
erected without a hitch. 

The building equip- 
ment, such as cranes, jaw 
etc., the 
first lot of steel reached 
Montreal in October of 
1923, and at once work 
was begun on the assem- 
bling of the bottom of 
the tank from which the several lifts draw their 
necessary supply of water. At this time the 
foundations for the vertical members had been 
sunk—the vertical members acting as guides 
for the rollers on the various lifts and 
serving to strengthen the whole structure. The 
tank bottom, weighing about 240 tons, was as- 
sembled 2% feet above its permanent founda- 
tion or substructure, and was then lowered into 
position with screw jacks. As can be realized, 
this work of lowering so large a base plate 
called for exceptional skill: it was necessary 





riveters, and 


also 


that each man should operate his particular 
screw jack slowly and carefully in concert with 
his fellows in order to 
buckling the plates. 


avoid straining or 

The water tank, which has to bear consid- 
erable weight and pressure, had to be con- 
structed of heavy material. It is 
eight courses of heavy plates having double butt- 


formed of 








How the 6,000,000-cubic-foot gas holder at the La 
Salle plant appeared when finished some months ago, 








General view of the La Salle Gas Works at Montreal, Canada. Each of the two large gas holders on the left has a capacity 
The nearer tank is the newer one. 
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the rivets used in 
making these joints were too big to be driven 
with air hammers they were drawn up tight by 
means of two large Allen jaw-type pneumatic 
riveters suspended from center-leg derricks. A 
traveling crane, operating on a circular track, 
was employed 


strap vertical joints. As 


for handling materials, while 
the steel plates were raised by the traveling 
center-leg derricks. 

The wooden housing with which tanks of 
this description are sometimes surrounded for 
the purpose of preventing the water from 
freezing was dispensed with in this case so as 
to reduce the fire hazard. Instead, and as a 
protection against corrosion, the lower bands 
of the water tank were given three coats of 
hot asphalt. With this done, the available ex- 
cavated material was then banked against the 
walls of the tank so as to help keep it warm 
in the wintertime—this utilization of the other- 

















OCHOA 


- VIF Angust, 1926 COMPRESSED AIR MAGAZINE 1727 








tovesuaenieen 


—07*" n 


cag 

















the La 
is Ago, 


used in 
ve driven 
tight by 
neumatic 
ricks. A 
ar track, 
Is, while 
traveling 


tanks of 
nded for 
er from 
ase SO as 
and as a 
er bands 
coats of 
lable ex- 
ainst the 
it warm 
1e other- 











» 


Are” | Oe 





-digging machines, drag-line ex- 


Portable compressors, paving breakers, backfill tampers, air-driven calking tools, trench poverty eager ren 


eavators, and various other mechanical facilities are now employed in excavating for gas mains and in 
underground. 
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Epoch-marking contrasts in 











gas holders as exemplified at the plant of the Hochelaga Gas Works in Canada. 


is a brick holder built in 1888, and at the left are seen two modern steel gasometers. 


wise useless earth saving the cost of its re- 
moval. 

The lifts of the gas holder are made up of 
lighter plates than those used in the construc- 
tion of the water tank and are provided with 
heavy steel guides and rollers to permit their 
free movement up and down as the volume of 
gas in the tank varies. Each lift or section 
is provided with a guard rail; and access to 
the top is had by a stairway. The crown 
sheets are double riveted and, when the tank 
is empty, rest on a support at the center of 
the holder. The framing guides are provided 
with cover plates having turned-down edges to 
prevent the collection of water and the at- 
tendant corrosion of the metalwork. Large 
structures of this kind are exposed to enor- 


mous wind strains. Furthermore, gas, like 
compressed air, is hard to keep confined, es- 
pecially when under pressure. Hence, all 
joints in the storage holder had to be made as 
strong and as tight as possible. To ensure such 
joints in the water tank and the lifts, calking 
with pneumatic hammers was resorted to after 
the riveting hammers had done their work. 
For the assembling and the tightening of the 
plates, the framing guides, rods, knees, etc., 
in short, in the construction of the entire gas 
holder, there was required a total of 2,000,000 
rivets varying in size inch to 1% 
inches. The largest rivets, used in the butt- 
strap joints of the water tank, were driven with 
two jaw riveters, as previously mentioned, 
while the others were driven by twelve I-R No. 


from % 
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At the right 


60 riveting hammers. Calking was done with 
ten No. 2 SS calking hammers; and no dope 
of any kind was employed for packing the 
joints between the plates. The rivets were 
heated in twelve small pneumatic rivet forges 
placed at convenient points on the job. Air- 
driven drills were used to ream the holes in 
the plates and to do such drilling and tapping 
as could not be done beforehand in the shops. 
A small compressed-air-operated punch and 
shears was also provided for various odd jobs, 
although most of the plates for work of this 
kind are drilled instead of punched in order 
to avoid the danger of strained plates. Suff- 
cient operating air for all this pneumatic 
equipment was supplied by a _ 12-inch-stroke 
Class “ER-2” compressor with short-belt motor 





Left—Air-operated jaw riveter driving large rivets in the heavy plates forming the bottom courses of the big gas tank. 
Right—Riveting hammers driving rivets in butt straps on crown sheets and in frames for lift rollers during the final stages of 
the building of the latest of the La Salle gas holders. 
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jrive—this machine, installed in a shed ad- 
jacent to the gas holder, delivering its output to 
ayertical air receiver. Other sheds were also 
eected for storing the tools and supplies, as 
well as a blacksmith shop, and offices. 

The gas holder has three 48-inch outlet pipes 
with by-pass connections. These connections 
are actually larger than necessary at the pres- 
eit time, but were purposely made bigger so as 
to take care of future growth. In order to 
fink the holder with existing apparatus, num- 
erous large pipe connections had to be pro- 
vided. Some of these were made by clos- 
ing down and by bleeding 


PNEUMATIC CHUCK ADDS TO 
SHOP EFFICIENCY 

HE employment of a hand vise for hold- 

ing material in a drill press is a common 
practice in a great many railway machine 
shops. Recently, however, the Department of 
Street Railways, of Detroit, Mich, has de- 
veloped an air-operated chuck which is a 
marked improvement over the hand vise in 
that it makes it possible to clamp quickly and 
firmly work of almost any shape. As com- 
pared with other methods, it is a great time 
and labor saver. 


ing the stationary side of the jaw at the cen- 
ter. Thus, by providing clearances at the ends, 
a slight swivel motion is obtained which makes 
it possible for the face of the jaw to adjust it- 
self to the demands of the material to be held. 

Normally, air at a pressure of from 80 to 90 
pounds is used, and this air is drawn from 
the shop air system by a flexible hose connec- 
tion and piping fitted with a 3-way valve. With 
the lever in one position, air is admitted to the 
bottom of the cylinder, thus causing the plun- 
ger to be forced upward, while with the lever 
in the reverse position the pressure is released 


—that is, the air is ex- 





the gas through an 8- 
inch pipe to the atmosphere, 
where it was ignited. It is 
interesting to note that this 
pipe extended for a distance 
of about 20 feet through the 
monitor of one of the build- 
ings, and yet the heat de- 
veloped was so intense that 
afire hose had to be played 
on the roof of the structure 
to keep it cool. 

The new gas holder was 
put in service just seventeen 
months after the signing of 
the contract. This is a very 
good record, considering the 
size and the nature of the 
structure and the conditions 
under which it was built. 
Needless to say, this record 
could not have been made 
without the aid of com- 
pressed air. 

DESERT RICHES 
O most of us the desert 
is a barren, unproduc- 

tive waste and a stretch of 

territory to be traversed as 
quickly as possible. On the 
other hand, to the trained 
man with a discerning eye 
for mineral values, the 
desert may represent a store- 
house of vast potential riches. 

We have evidence of this in 

4 pronouncement made _ re- 

cently by Letson Balliet, an 

eminent mining engineer, in 

a report to the Tonopah & 

Tidewater Railroad Company. 

Speaking of the southern 








triangular projection of the 

State of Nevada and of the adjacent sec- 
ton of California including the notorious 
Death Valley, he says: “There are more 
Varieties of mineral products obtainable in this 
territory served by the Tonopah & Tidewater 
Railroad Company than can be found along 
any other 250-mile stretch of railway in the 
known world.” Besides calling attention to 
the 60,000 tons of borax produced annually 
within that region, Mr. Balliet gives an off- 
hand enumeration of some of the other com- 
mercially valuable and mostly non-metallic 
minerals existing there—the list numbering 
more than half a hundred by actual count. 





Courtesy, Electric Railway Journal. 
Air-operated chucks have been found to save much time and labor in the 
shops of the Department of Street Railways of the City of Detroit. 


The mechanism consists of an air cylinder 
which is about 4 inches in diameter and 15 
inches long. The plunger of this cvlinder is 
connected to a wedge which, when pushed up- 
ward by the force of compressed air, acts 
through rollers on a horizontal arm and causes 
the jaws to close. The connecting arm of the 
chuck has a screw adjustment in the center so 
as to lengthen and shorten the rod and thus to 
regulate the mechanism to suit the size of the 
work. 


The problem of firmly clamping various ob- 
jects of irregular form has been met by pivot- 


hausted. 


Another similar device de- 
veloped at the Detroit shop 
is an air-operated clamp, 
which is used to hold ma- 
terial to the bed of the drill 
press during drilling. This 
mechanism consists of a 
small air cylinder attached 
to the end of a lever. The 
fulcrum of the lever can be 
set at three points on the 
vertical support, while the 
easily removable fulcrum 
pins also permit of adjust- 
ment on the main lever. The 
entire apparatus is fastened 
to the bed of the drill press; 
and, with the mechanism in 
the one position, can be used 
on many different kinds of 
jobs. The clamp is said to 
have greatly lessened the 
number of accidents result- 

_ing from attempts made by 
operators to hold the work 
in place by hand instead of 
utilizing the ordinary run of 
clamps and other gripping 
devices that have been placed 
at their disposal. 





Those of us that are in 
the habit of making deroga- 
tory remarks about the in- 
adequacy of certain rail- 
roads, will probably be in- 
terested to know that of all 
the roads in the world China 
can boast the most peculiarly 
equipped one. This line, new- 
ly opened, runs from Poo- 
tung, near Shanghai, to the coast—a distance of 
10 miles. Its rolling stock consists of two small 
tractors, a converted tank, an English omnibus, 
and a donkey engine. It is surprising to learn 
that this road does a good business in spite of 
the fact that the arrival and the departure of 
trains depends entirely on the whim of the 


train crew. 





Petroleum, lead, and silver are the most 
important of the minerals produced in Burma, 
accounting for $47,000,000 of an average an- 
nual output valued at $51,000,000. 
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Paving Breaker Built to Drive Piles 


ITH pipe lines and conduits of many 

sorts underlying the streets of a popu- 
lous community, it is not surprising that much 
ditching must be done annually in making re- 
pairs or in extending these arteries into out- 
lying and developing sections of a town or 
city. Whenever a pipe line, a sewer, or a 
conduit is to be laid, the first step is to exca- 
vate some sort of an open ditch which may or 
may not interfere with traffic, depending upon 
the point at which the work is being done. As 


By J. E. HARDING 


that will not permit nearly vertical walls to 
stand unsupported, some form of retaining pil- 
ing is necessary. Generally, such piling con- 
sists of. light planking suitably held apart by 
braces that keep the piling pressed against the 
flanking walls of the ditch. In very soft ma- 
terial, pile driving ordinarily precedes exca- 
vating, while in harder material excavating 
may precede pile driving. Getting such piling 
in position has heretofore involved hand driv- 
ing with mauls, hammers, beetles, etc. 





ing to the fact that no means was then availa- 
ble for keeping the paving breaker in contact 
with the pile end—many types of shoes, ben 
plates, and other devices being utilized as driy. 
ing heads. To make a long story short, it 


Ingersoll-Rand Company to devise a success- 
ful driving head. Even so, it might be worth 
mentioning here, that considerable experimental 
work had to be done before a suitable driving 
head was produced. 





The driving of sheet piling in excavations for sewers, water mains, and other improvement jobs has been made easier and 


more economical through the use of paving breakers equipped with special foot pieces. 


These foot pieces make it possible to 


transmit the full force of the hammer blow to the pile without splintering or otherwise damaging the top of the timber. 


a rule, the sooner the ditch can be filled in 
again, and the scene of operations restored to 
normal, the better. 

Formerly, when labor received but a modest 
return for effort expended, the matter of dig- 
ging ditches was regarded as of but slight im- 
portance. Within recent years, however, ditch 
diggers’ wages have given cause for thought to 
contractors with the result that mechanical 
equipment, designed to lighten men’s labors and 
to speed up performances, are being applied 
wherever possible. Let us take a case in point. 

Where ditches have to be driven in earth 


Not long ago, wide-awake bosses of field 
gangs began to realize how much would be 
gained if hand driving could be abandoned in 
favor of mechanical hammering; and to this 
end various cumbersome devices were brought 
into being. After the CC-35 paving breaker, 
manufactured by the Ingersoll-Rand Company, 
had come into general use for the purpose of 
breaking up paving, certain alert contractors 
conceived the idea that that tool might possi- 
bly be used instead of the hand hammer in 
the driving of ditch piling. Their work along 
this line was not altogether satisfactory, ow- 


Several driving heads were manvfactured; 
and paving breakers so equipped were detailed 
to various jobs in charge of an engineer whose 
function it was to test them out and to se 
what effect continuous hard service would have 
on them. It was necessary in several ways 1 
change the design of the original heads before 
one was found that could drive a pile; that 
would not injure the wood; and that would 
stand up under service. It took very nearly 
a year to develop a driving head that proved 
satisfactory. i 

Much of the experimental work was done 
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Florida, a region which of late has attained 
considerable prominence. There, piles were 
sunk in clay, sand, and gravel—materials of- 
fering varying resistance to pile driving. A 
CC-35 paving breaker was used equipped with 
a specially designed fronthead; and it was 
found that this machine was capable of driving 
piling at the rate of 2 feet per minute in 
hard clay and at 9 feet per minute in sand and 
gravel—thus equalling in amount of work 
done the efforts of twelve robust men. 

The machine as finally developed is clearly 
shown in one of the accompanying photo- 
graphs. It is known as the CC-35 pile driver, 
and is nothing more nor less than a CC-35 
paving breaker provided with the pile-driving 


fronthead—the only difference in the two ma-. 


chines being in the fronthead parts. All other 
parts in the two machines are interchangeable, 
so that any contractor who already owns a pav- 
ing breaker can turn it into a pile driver simply 
by equipping it with the special fronthead. 

The detachable handle, placed crosswise at 
the center of the machine, is useful when the 
pile driver is being lifted and guided into 
place on top of a pile. Horizontal plates, each 
having two square holes, are attached to the 
fronthead, and on these the operator may 
stand when driving a pile. These plates, only 
one of which is shown in the picture, are sepa- 
rate units, and either one may be removed if 
more clearance is desired when working in 
close quarters. 

In operation, the pile driver is first adjusted 
on top of the pile, and then the operator places 
himself on the steps or plates provided for the 
purpose. Next he presses the trigger-con- 
trolled throttle on the backhead handle and 
drives the pile down into position without any 
appreciable effort on his part. 


The machine does not “broom” the pile ends 
as does a hand hammer because the slotted 
fronthead distributes an even blow over the 
entire head of the pile. Hand work, on the 
contrary, concentrates the force of the blow 
on a small surface, as represented by the point 
of contact between the hammer face and the 
pile end. Also, a hand-hammer blow comes 
from different directions and is applied with 
varying force—all of which tends to split and 
to shatter the pile end. In short, hand ham- 
mering has a much greater destructive effect on 
piling than has machine work. 


In designing the machine, Strict attention 
was paid to the safety of the operator: no ex- 
terior moving parts enter into it$.construction. 
Some contractors have even gone So far as to 
drive steel sheet piling with these experimental 
machines ; but it is not believed that stich heavy 
work comes within the scope of so light a 
machine. 

In mining, generally, this pneumatic pile 
driver should prove very useful for spiling in 
drifts and shafts where soft ground is en- 
countered. Heretofore, work of this kind has 
been performed by the use of battering rams 
and 28-pound sledges. No argument should 
be necessary to convince anyone of the value 
of this air-driven machine for work of this 
description, especially anyone that has ever 
been actively engaged in it. 
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Diagram of system employed in the 
Mystic Lake surge tank to prevent the 
freezing of the water during the win- 
tertime. 


AIR BUBBLES SAFEGUARD 
SURGE TANK 


our preceding issue, we described at some 
length the tapping of Mystic Lake, in Mon- 
tana, for the purpose of utilizing its waters 
for the generation of electrical energy. One 
of the conspicuous features of that undertak- 
ing is the towering surge tank, 118 feet high, 
which is set on the mountainside. The surge 
tank performs the function of a shock ab- 
sorber to lessen or to eliminate water-hammer 
effects and to preserve a uniform flow of water 
from the lake to the turbines far below in the 
power house. 

Montana has periods of low temperature and 
rigorous weather during the winter season; 
and because of this fact the engineers have 
been compelled to devise means by which to 
prevent the accumulation of ice in the surge 
tank, which is constructed of steel. In their 
effort to accomplish this, the Montana Power 
Company first placed on the side of the tank 
a number of electric space heaters that util- 
ized a total of 5 kilowatts of current. For 
certain reasons, the transmission of the heat 
was found to be generally downward: it 
failed to radiate as desired and thus to pre- 
vent the freezing of the water. It was then 
that the engineers conceived the idea of hav- 
ing recourse to air bubbles to distribute the 
heat throughout the tank. 

To this end, there was installed a 3%4x4- 
inch Type Fifteen I-R compressor. The air 
from this compressor is first delivered to a re- 
ceiver and conveyed therefrom to an outlet in 
the lower part of the surge tank, as indi- 
cated by the accompanying sketch. The air 
bubbles effectually prevent the formation of 
contact with the area warmed by the electric 
space heaters; and these bubbles of warm air 
spread throughout the mass of the water as 
they mount surfaceward. In this manner, the 
combined action of the heat and the agitating 
bubbles effectually prevents the formation of 
ice within the surge tank. What threatened 
to cause much trouble in the wintertime has 
been successfully disposed of in a simple way. 


RR RE Re 
GEORGE ROBERT MURRAY 
E regret to announce the death, in Rich- 
mond, Va., just two days after his 58th 
birthday, of George Robert Murray. Mr. Mur- 
ray was born April 28, 1868, in Euclid, Ohio. 

Handicapped in his youth by failing eye- 
sight, he was prevented from attending high 
school. This difficulty, one of many that he 
had to contend with, did not daunt young 
Murray: by diligent study he acquired through 
his own efforts the equivalent of a college 
education—thus fitting himself for member- 
ship in the N. A. S. E. 

Mr. Murray had a decidedly mechanical bent; 
and when rock drills and channelers were in- 
troduced in the near-by bluestone quarries his 
interest prompted him to collect all available 
descriptive material and catalogues on the sub- 
ject so that he might familiarize himself with 
their structural details and their operation. As 
a result, when the Ingersoll-Rand Company 
established a branch office in Cleveland, in 1888, 
Mr. Murray, because of his knowledge of the 
equipment, was engaged to set up these ma- 
chines in mines and quarries and to teach men 
how to run them. As one of the Ingersoll- 
Rand men in Cleveland at the time expressed 
it: “I received instructions from the New York 
office to ‘look up a young man named Murray,’ 
which I did.” 

Not long afterwards Mr. Murray was made 
a salesman, then assistant manager, and, finally, 
manager of the Cleveland office, and all within 
three years. Later on he was transferred to 
the New York office as sales manager. After 





George Robert Murray 


severing his connections with the Ingersoll-Rand 
Company, he became president of the Murray 
Stone Company. 

In spite of steadily failing sight and hear- 
ing, George Murray passed from youth to 
maturity and from maturity to still riper years, 
taking life as it was given him and working 
along with self-denying courage, with kindness, 
and with an indomitable spirit of cheer. 
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Air Lifts Employed in Oil Wells 


By This Means the Lowered Production of Wells Has 
Been Notably Increased 


HE arrangement for the piping in an air 

lift as it is usually employed in an oil well 
is shown in the accompanying diagram, in which 
A represents the casing of the well; B is the 
air pipe that is introduced into the well; C is 
the casing head through which the air pipe 
passes and above which, at g, it is tightly 
packed to prevent leakage of air; D is the air 
pipe outside the well which leads to the com- 
pressor; E is the discharge pipe which con- 
ducts the fluid from the casing head to the 
gage tank; and F is the gage tank. The dis- 
tance, 1, from the casing head down to the 
water level is known as the lift, or pumping 
head; the distance, s, from the water level 
down to the point at which the air is intro- 
duced to the fluid column or flow pipe is known 
as the submergence; and the number of feet 
of submergence divided by the sum of the 
number of feet of lift, making up both the 
lift and the submergence, is known as the per- 
centage of submergence. 

In most wells the water level will stand at a 
point such as b, or the static head, before air 
is admitted to the well; but after the fluid be- 
gins to flow the level will drop to a lower 
point, such as c, where it will remain fairly 
stationary as long as pumping continues and 






By S. F. SHAW 
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T IS not generally known 
that the original output of 
many oil wells has been re- 
vived and even greatly ex- 
ceeded by resorting to air lifts 
to bring the oil to the surface. 
This procedure has been fol- 
lowed to advantage in those 
cases where the natural pres- 
sure of the impulse gas has 
: dropped to a point where it is 
: no longer capable of forcing 
: the oil through the sand and 
assisting its rise to the sur- 
face of the ground. In the air 
lift, therefore, we have an 
agency which may enable us 
to withdraw from our oil 
fields a considerable percent- 
age of the petroleum that is 
not recoverable by the meth- 
ods commonly utilized. 
Mr. Shaw is especially qualified 
by wide experience to de- 
scribe the use of the air lift in 
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Air-lift:installation on No. 2 Zutz Well at Independence, Kans. 


conditions remain fairly constant. In such 
case the submergence at the beginning of oper- 
ations would be the head drop f plus s, and 
the lift would be e. Before beginn:ng opera- 
tions, it is necessary to ascertain the submer- 
gence f plus s, in order to insure ability to 
start, as the pressure needed to start the fluid 
flowing at this higher point might be greater 
than that for which the compressor was built. 
In this case the air pipe would have to be 
raised the distance that would bring the pres- 
sure within the range of the compressor ca- 
pacity. The pressure required to start water 
flowing is obtained by multiplying the feet of 
submergence by 0.434, to which is added the 
pressure equivalent to the friction loss due to 
the air flowing through the air pipe. If the 
fluid be oil with no mixture of water then the 
pressure will be lowered by the amount cor- 
responding to the relative specific gravity of 
the oil compared to water. 

In some air-lift installations in oil wells the 
air is admitted to the casing head by a con- 
nection to the line leading from the compres- 
sor and is conducted to the lower end of the 
flow pipe through the annular space between 
the casing and the flow pipe. The fluid is 
raised through the inner pipe which is con- 


Left—Discharging through headpiece at a gage pressure of 600 pounds. 
Right—Regular discharge on the oil well. 


Center—Final set-up of air lift as determined after tests. 
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nected to E, at the top of the well, through 
which it is discharged into the gage tank F. 
The usual diameter of flow pipe installed in 
this manner is 3 inches. 

The arrangement of pipe connections is the 
outcome of a desire to make as few changes as 
possible from the time when the well is first 
brought in as a flowing well, at which time the 
oil is discharged through C, and thence through 
the lead pipe E into the tank F. These ar- 
rangements are all inefficient so far as air-lift 
principles are concerned, but are the outgrowth 
of conditions in the field where changes have 
met with little favor owing to the lack of 
knowledge of the complicated principles that 
govern air-lift operations. 

The air lift is applicable to pumping in oil 
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very unfavorable. The necessary submergence 
could be obtained by sinking the well to an 
additional depth of 400 feet or more beyond 
the sand from which the oil is extracted, but 
this would be expensive and would not be 
economical except in relatively few instances. 
Where the flow is 1,000 barrels of fluid per 
day the air lift can usually compete with any 
pump; and when 2,000 barrels per day is to 
be handled, conditions are rarely such that any 
other means of pumping can be employed than 
the air lift. 

The work done by an air lift is measured by 
the foot-pounds of energy which are supplied 
to the fluid column. The work done by air in 
expanding from a high pressure to a lower 
pressure follows the equation for a perfect gas: 


The general formula for the work done by 
the air in expanding is: 
(1) W = PCV, —_V,) = P [(V,— Vv) 
— V,] = PdV 
3etween the limits of V, and V, this for- 
mula becomes: 


- ie, 
(2) W = f- Pdv 
PY, 
but PY, a PV or P ee 
— V 
/V; P.V, 
(3) therefore W = / ——— dV = P,V, 
/V; V 
IV, dV 
/ a 
/V; V 





Left—No. 2 Zutz Well equipped with Shaw air-lift system. 

Right—An I-R compressor, driven by an I-R 100-H. P. oil engine, furnishes air for the air lift used on this well. 

Bottom—Compressor plant, also driven by a 100-H. P. Ingersoll-Rand oil engine, provides air for operating the air lift on No. 
2 Zutz Well, Independence, Kans. 


wells only under certain conditions, and when 
employed under other conditions the efficiency 
cannot be other than low. Owing to the com- 
paratively great depths under which air lifts 
are obliged to operate in oil wells, the usual 
design of air lift must have a great submer- 
gence—that is, where wells reach a depth of 
from 2,000 to 3,000 feet, the submergence must 
range from 400 to 1,000 feet to permit even a 
low degree of efficiency. An air lift efficiently 
designed would, of course, secure much greater 
eficiency, and could operate under much less 
submergence than 400 to 1,000 feet. If the 
quantity of fluid to be handled is small it is not 
likely that a proper submergence can be ob- 
tained, and the efficiency would be low. Pos- 
sibly, conditions would become such that there 
Would be no flow whatsoever. By a small 
quantity I mean 100 barrels per day, and even 
Up to 500 barrels per day where conditions are 


Let W = the work done by the air in ex- 
panding from one pressure to a lower pres- 


sure. 


P, = the absolute pressure of the air in 
pounds per square inch at the entrance to the 


flow pipe. 


P, = the absolute pressure in pounds per 
(At sea level it 


square inch at the discharge. 
is taken at 14.7 pounds per square inch.) 


V, = the volume of 1 cubic foot of air 
at sea level when compressed to pressure P,. 
V; = the volume of 1 cubic foot of air 


at sea level, or at 1. 


L = the lift in feet to which the fluid is to 


be raised. 


S = the submergence at the entrance to the 


flow pipe, corresponding to P,,. 


Owing to the comparatively large weight of 
fluid to be raised, the expansion of the air 


may be considered as isothermal. 


Integrating, and substituting the limits, 
V; 
(4) W = P,V, (loge V) —— = PV, 


1 





(loge V, — loge V,) = P,V, log- 











. Vv, 2 ®, 
Since P,V, = P,V,, and — = , equa- 
¥, 2 
tion (4) becomes 
V; 
(5) W = P,V, log. == PW. toe. 
1 2 


The work in foot-pounds performed by 1 
cubic foot of air at pressure of P, in expand- 
ing from volume V, to V,, since V, is taken 
as I, is therefore: 


P, 





(6) W = 144 P, loge 


" . 
The work performed in raising one gallon 
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of water to a height of one foot is 8.35 foot- 
pounds, and the work done in raising one gal- 
lon of water L feet is 8.35 x L foot-pounds. 

If we let Q equal the number of cubic feet 
of air required to raise one gallon of water 
L feet, we have from equation (6) : 


8.35 x L & 


P, P, 
254 loge 


(7) Q= 











144 P, loge 


Formula (7) will give the theoretical amount 
of air required to raise one gallon of water to a 
given height, disregarding all losses for fric- 


submergence, quantity of fluid being pumped 
per minute, and quantity of air being used. 
From these data the quantity of air required 
per gallon, or barrel, of fluid lifted can be cal- 
culated and the pumping efficiency obtained. 
For instance, take Example No. 6, of an oil 
well in California where the lift is 470 feet 
and the submergence is 330 feet. The total 
number of cubic feet of air is 140. This di- 
vided by 93, the gallons being pumped, gives 1.5 
cubic feet as the quantity of air being con- 
sumed per gallon of fluid. By referring to the 
table and by interpolating, it will be found 
that with a lift of 470 feet and a submer- 


CHCA 


well, the length of the tubing would be 3,578 
feet. The casing pressure is 480 pounds, gp. 
responding to a submergence of 1,106 feet. The 
lift would then be 3,578 feet, less 1,106 feet, or 
2,472 feet. By referring to the table, it will bh 
found that under those conditions the quantity 
of air, or gas, required to lift one gallon of 
fluid—assuming the specific gravity and th 
viscosity of the fluid to be that of water—j 
2.781 cubic feet, and to lift a barrel would be 
116.8 cubic feet. Dividing 116.8 by 633, the 
pumping efficiency under those conditions js 
found to be 18.4 per cent. 

The submergence obtainable is a very im. 


CUBIC FEET OF FREE AIR, oSA-LEVE, Be AT GIVEN PRESSURE, THEORETICALLY REQUIRED TO RAISE 1 GALLON 


WATER TO A GIVEN HEIGHT IN FEET 

















































































































Lbs. Pressure at Bottom 
pees l [ T | ‘ene ) ) ‘ae 
Lift | 50 | 100 | 150 | 200 250 300 350 400 450 500 | 550 | 600 | 650 | 700 | 750 | 800 850 
| | | 
| | 

100 1 0.27 | 0.19 0.16 0.147 | 0.136 | 0.129 | 0.123 | 0.118 0.114 | 0.111 | 0.108 | 0.105 | 0.103 | 0.101 | 0.100 0.098 0.097 

200 0.53 0.38 0.33 0.293 272 -257 -245 -236 .228 .221 .216 .211 .207 .20 .199 .196 -193 
300 -80 -58 .49 .440 .409 .386 .368 .354 -342 .332 .324 .316 .310 .304 .299 .294 -290 

400 1.07 0.77 .65 .586 -5465 .514 .490 472 -456 .443 -432 .422 .413 -405 399 .392 .387 

500 1.33 .96 82 -737 -681 -643 -613 -589 -570 .554 -540 -527 .516 -507 .498 -490 483 

600 1.60 1.15 .98 .879 817 771 -736 -707 | .684 | .664 | .647 | .633 | .620 .608 598 | .588 | 580 

700 1.87 1.34 1.14 1.026 .955 -900 .858 -825 -798 -775 -755 -738 -723 -710 -697 -686 .676 

800 2.13 1.53 1.30 1.172 | 1.090 | 1.028 -981 -943 -912 .886 .863 .844 -826 -811 -797 -784 .773 
900 2.39 1.73 1.47 1.319 | 1.226 | 1.157 | 1.103 | 1.061 1.026 .996 971 .949 .930 .912 .897 .883 .870 
1000 2.66 1.92 1.63 1.466 | 1.862 | 1.285 | 1.226 | 1.179 1.140 | 1.107 | 1.079 | 1.055 | 1.033 | 1.014 -996 .981 966 
1100 2.93 2.11 1.792 | 1.612 | 1.498 | 1.414 | 1.349 | 1.297 1.254 | 1.218 | 1.187 | 1.160 | 1.136 | 1.115 | 1.096 1.079 1.063 
1200 3.19 2.30 1.955 | 1.759 | 1.634 | 1.542 | 1.471 | 1.415 1.368 | 1.329 | 1.295 | 1.266 | 1.239 | 1.216 | 1.196 1.177 1.160 
1300 3.46 2.50 2.118 | 1.905 | 1.770 | 1.671 | 1.594 | 1.533 1.482 | 1.439 | 1.403 | 1.871 | 1.843 | 1.318 | 1.295 1.275 1.256 
1400 3.72 2.69 2.281 | 2.052 | 1.907 | 1.799 | 1.716 | 1.650 1.596 | 1.550 | 1.510 | 1.476 | 1.446 | 1.419 | 1.395 1.373 1.353 
1500 3.99 2.88 2.444 | 2.198 | 2.043 | 1.928 | 1.839 | 1.768 1.710 | 1.661 | 1.619 | 1.582 | 1.549 | 1.520 | 1.494 1.471 1.449 
1600 4.20 3.07 2.607 | 2.845 | 2.179 | 2.056 | 1.962 | 1.886 1.824 | 1.772 | 1.727 | 1.687 | 1.653 | 1.622 | 1.594 1.569 1.546 
1700 4.52 3.26 2.770 | 2.491 | 2.815 | 2.185 | 2.084 | 2.004 1.938 | 1.882 | 1.834 | 1.793 | 1.756 | 1.723 | 1.694 1.667 1.643 
1800 4.79 3.46 2.933 | 2.638 | 2.451 | 2.313 | 2.207 | 2.122 2.052 | 1.993 | 1.942 | 1.898 | 1.859 | 1.824 | 1.793 1.765 1.739 
1900 5.05 3.65 3.096 | 2.784 | 2.588 | 2.442 | 2.329 | 2.240 2.166 | 2.104 | 2.050 | 2.004 | 1.963 | 1.926 | 1.893 1.863 1.836 
2000 5.32 3.84 3.259 | 2.931 | 2.724 | 2.570 | 2.452 | 2.358 2.280 | 2.214 | 2.158 | 2.109 | 2.066 | 2.027 | 1.993 1.961 1.933 
2100 5.59 4.03 3.422 | 3.078 | 2.860 | 2.699 | 2.575 | 2.476 2.394 | 2.325 | 2.266 | 2.215 | 2.169 | 2.129 | 2.092 2.059 2.029 
2200 5.85 4.22 3.585 | 3.234 | 2.996 | 2.827 | 2.697 | 2.594 2.508 | 2.436 | 2.374 | 2.320 | 2.272 | 2.230 | 2.192 2.157 2.126 
2300 || 6.12 4.42 3.748 | 3.371 | 3.182 | 2.956 | 2.820 | 2.711 2.622 | 2.547 | 2.482 | 2.426 | 2.376 | 2.331 | 2.291 2.255 2.222 
2400 6.38 4.61 3.91 3.518 | 3.269 | 3.084 | 2.942 | 2.830 2.736 | 2.657 | 2.590 | 2.532 | 2.479 | 2.433 | 2.390 2.354 2.318 
2500 6.65 4.80 4.08 3.665 | 3.405 | 3.212 | 3.065 | 2.947 2.850 | 2.768 | 2.698 | 2.638 | 2.583 | 2.535 | 2.490 2.453 2.415 
2600 6.92 4.99 4.24 3.812 | 3.541 | 3.341 | 3.188 | 3.065 2.964 | 2.878 | 2.805 | 2.743 | 2.686 | 2.636 | 2.590 2.551 2.512 
2700 7.18 5.18 4.40 3.958 | 3.677 | 3.469 | 3.310 | 3.183 3.078 | 2.989 | 2.913 | 2.849 | 2.789 | 2.738 | 2.689 2.649 2.606 
2800 7.45 5.38 4.56 4.105 | 3.814 | 3.598 | 3.433 | 3.301 3.192 | 3.100 | 3.021 | 2.954 | 2.892 | 2.839 | 2.789 2.747 2.705 
2900 7.71 5.57 4.73 4.251 | 3.950 | 3.726 | 3.555 | 3.419 3.306 | 3.210 | 3,129 | 3.060 | 2.996 | 2.941 | 2.880 2.845 2.801 
3000 7.98 5.76 4.89 4.398 | 4.086 | 3.855 | 3.678 | 3.537 3.420 | 3.321 | 3.237 | 3.165 | 3.099 | 3.042 | 2.988 2.943 | 2.898 
3100 8.25 5.95 5.05 4.545 | 4.222 | 3.983 | 3.801 | 3.655 3.534 | 3.432 | 3.345 | 3.271 | 3.202 | 3.143 | 3.088 3.041 2.995 
3200 8.51 6.14 5.22 4.691 | 4.358 | 4.112 | 3.923 | 3.773 3.648 | 3.543 | 3.453 | 3.376 | 3.806 | 3.245 | 3.187 3.139 3.091 
3300 8.78 6.34 5.38 4.838 | 4.495 | 4.240 | 4.046 | 3.891 3.762 | 3.653 | 3.561 | 3.482 | 3.409 | 3.846 | 3.287 3.237 3.188 
3400 9.04 6.53 5.54 4.984 | 4.631 | 4.369 | 4.168 | 4.009 3.876 | 3.764 | 3.669 | 3.587 | 3.512 | 3.448 | 3.386 3.335 3.284 
3500 9.31 6.72 5.71 5.131 | 4.767 | 4.497 | 4.291 | 4.126 3.990 | 3.875 | 3.777 | 3.693-| 3.616 | 3.549 | 3.486 3.434 3.381 
3600 || 9.58 | 6.91 5.87 5.278 | 4.903 | 4.626 | 4.414 | 4.244 4.104 | 3.985 | 3.884 | 3.798 | 3.719 | 3.650 | 3.586 3.532 3.478 
3700 9.84 | 7.10 6.03 5.424 | 5.039°| 4.754 | 4.536 | 4.362 4.218 | 4.096 | 3.992 | 3.904 | 3.822 | 3.752 | 3.685 3.630 3.574 
3800 10.11 7.30 6.19 5.571 | 5.176 | 4.883 | 4.659 | 4.480 4.332 | 4.207 | 4.100 | 4.009 | 3.925 | 3.853 | 3.785 3.728 3.671 
3900 10.37 | 7.49 6.36 5.717. | 5.312 | 5.011 | 4.781 | 4.598 4.446 | 4.317 | 4.208 | 4.115 | 4.029 | 3.955 | 3.884 3.826 3.767 
4000 || 10.64 7.68 6.52 5.864 | 5.448 | 5.140 | 4.904 | 4.716 4.560 | 4.428 | 4.316 | 4.220 | 4.132 | 4.056 | 3.984 3.924 3.864 
4100 | 10.91 | 7.87 6.68 6.011 | 5.584 | 5.268 | 5.027 | 4.834 4.674 | 4.539 | 4.424 | 4.326 | 4.285 | 4.157 | 4.084 4.022 3.961 
4200 11.17 8.06 6.85 6.158 | 5.720 | 5.397 | 5.149 | 4.952 4.788 | 4.649 | 4.532 | 4.431 | 4.339 | 4.259 | 4.183 4.120 4.057 
4300 || 11.44 | 8.26 7.01 6.304 | 5.856 | 5.525 | 5.272 | 5.070 4.902 | 4.760 | 4.640 | 4.537 | 4.442 | 4.360 | 4.283 4.214 4.154 
4400 || 11.70 | 8.45 7.17 6.450 | 5.993 | 5.654 | 5.394 | 5.188 5.016 | 4.871 | 4.748 | 4.642 | 4.545 | 4.462 | 4.382 4.316 4.250 
4500 | 11.97 | 8.64 7.34 6.597 | 6.129 | 5.782 | 5.517 | 5.306 5.130 | 4.982 | 4.856 | 4.748 | 4.649 | 4.563 | 4.482 4.415 4.347 
4600 i 12.24 8.83 7.50 6.744 | 6.265 | 5.911 | 5.640 | 5.423 5.244 | 5.092 | 4.963 | 4.853 | 4.752 | 4.664 | 4.582 4.513 4.444 








tion, slippage, etc. Where the specific gravity 
of oil differs materially from that of water, 
the factor for specific gravity of the oil must 
enter the calculations. 


One of the tables in this article is based on 
formula (7), and gives the number of cubic 
feet of free air, at sea-level basis, required to 
raise one gallon of water to a given height, 
with a given submergence or pressure at the 
entrance to the flow pipe. From this table the 
efficiency of an operating air lift can be com- 
puted. 


In working out the efficiency of an air-lift in- 
stallation it is necessary to measure the lift, 


gence of 330 feet the air required to raise one 
gallon of water at 100 per cent. efficiency is 
0.788 cubic feet. This divided by 1.5 gives 
52.5 per cent. as the pumping efficiency being 
obtained. 

Now let us take an example from late prac- 
tice, as cited in an article by Mr. T. E. Swigert 
in the Oil Weekly of February 27: Well G, 
with a casing pressure of 480 pounds, has an 
average daily production of 2,218 barrels at an 
expenditure of 633 cubic feet of gas per barrel 
of oil raised. The depth to which the tubing 
extends in the well is not stated; but if we as- 
sume the depth of the well to be 4,200 feet, and 
the tubing 622 feet above the bottom of the 








portant feature in air-lift considerations. [0 
most instances, when air-lift installations are 
being considered, a few operators only caf 
supply figures indicating the point at which 
the fluid level stands and to what point it would 
be lowered if the pumping rate were increased. 
It would be advisable to make closed-in pres 
sure readings immediately after a well begin’ 
to flow and to keep a record of such readings 
made at intervals as the flow and the pressult 
dropped. A study of these readings in rela- 
tion to the decline would be very interesting 
and would be of great value in connection with 
later installations of air lifts. 
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DATA ON VARIOUS OIL WELLS WHERE AIR LIFTS HAVE BEEN INSTALLED Air lifts have been employed in oil wells at 
—— No.1 No.2 No.8 No.4 No.5 No.6 No.7 No.8 Currie, Goose Creek, Hull, Humble, Luling, 
fit, ft... -- sg tseeee: 1,185.5 595 Hy uae 624 470 B50 : 435 Mexia, Mirando City, Powell, and West Co- 
Shee peeeser ty 1.483 1,464 1,500 1,500 | 500 | 1,299 : 1,580 lumbia, in Texas; at Caddo, and Evangeline, 
oth meelwell, ft. -.-..1,805 1,900 ... 2,900 2,900 ... 8,000, 3,000 in Louisiana; at emg rages Long Beach, San- 
Diameter casing, in. ‘oe 6 6 ‘ 6.635 €.635 ve a “tas ta Fe Springs, Salt Lake, Rosecrans, and Tor- 
eter ate pine, in... ... 1.25 2.5 2°5 25 1.25 2 9 rance, in California; at Smackover, Ark., and 
Fluid per min., gals.. % 32 45.2 46.9 119.5 81.4 93 73 102 at Blackwell, Kay Co., Okla. For this service, 
Wolght seed ae ae itl a a oo ee the usual make of compressor to be found in 
preture ai inioi, tos. 248 age Gd GG aU ifk $88 =H the Texas oll fields is the Ingersoll-Rand, 2 
Air per gallon, cu. ft.. 17.92 7.21 3.2 2 3.06 1.5 3.37 2.33 stage, type “X,” either belted or steam driven. 
Air ba coe ene 2.06 1.207 0.99 0.277 0.766 0.788 0.69 0.562 When driven by oil engines the fuel cost is 
ee is 168 32.3 13.8 25 52.5 20.5 23.9 very low. The data applying to these com- 

pressors are as follows: 

Example No. 1 is that of Well No. 32 of the Nominal size Size of air Stroke Revolutions Displacement Power required at 
Crowley Oil and Mineral Company, at Evan- arly erect in. ar ee Oe 350 ae pressure 
geline, La. The efficiency at 11.5 per cent. is 500 15x 6% 16 150 491 152 
very low; but a low efficiency is to be expected 
in a lift of 1,135.5 feet where a 4-inch pipe is It should be understood that the flowing well, 
employed.** , or gusher, is subject to the same principles that 

Example No. 2 is that of a well, also at govern the air lift, and operates by reason of 
Evangeline, owned by the Mamou Power Com- Gauge lank 2 the fact that associated with the oil—either dis- 
pany.” In this Case, again, the efficiency is low gto solved in it or mixed with it—is gas under con- 
for the same reason as in Example No. 1. a —F siderable pressure. This gas propels the oil 

Example No. 3 is that of a well situated in "Ss through the ‘sands to the well and then, acting in 
the Baku field, Russia.** The efficiency is fair- sal 


ly satisfactory for the usual arrangement of 
air-lift installations at oil wells. A more effi- 
cient arrangement under the prevailing condi- 
tions would, however, reach an efficiency of 65 
per cent. 

Examples No. 4 and No. 5 are those of a well 
at Currie, Tex. The fluid contains a very 
large percentage of water. Installation ar- 
rafgements are inefficient. 

Example No. 6 is that of a well in the Kern 
River field, California.** The efficiency is sur- 
prisingly high. An efficiency of 60 per cent. is 
about the highest possible figure that could 
have been reached with the most efficient type 
of installation. 

Examples No. 7 and No. 8 are those of two 
wells in the West Columbia field, Texas. The 
efficiencies are a little better than the general 
run of oil-well installations, but leave consid- 





























fe----- == lated teeta. Delalare 


Essential features of an oil-well air 
lift. A, well casing; B, air pipe; C, 
casing head; D, air pipe outside well; 
E, discharge pipe; and F, gage tank. 


DATA ON AIR LIFTS WHERE LOW SUBMERGENCES WERE EMPLOYED IN TESTS 
MADE BY THE WRITER 








No. 9 No. 10 No. 11 No. 12 No. 13 
a AE la al a RG ai NR IP. 548 1,070.2 846 1,097 1,176 
NENTS ORI re ee epee ee trey ae 230 20 214 225 176 
I MN ns 5, Nig s 60 res big hit 2.6 a 778 1,090.2 1,060 1,322 1,352 
memmermence, per cent. .......csccccrcvccene 29 1.9 19.9 17 13.2 
mar per minute, gals. ...........cccseseeces 90 67 425 236 159 
TE EMER... oo. coca se vtese sees 30,800 2,297 14,570 8,090 5,450 
eS RS eee Ren Pee para 10 9 93 98 TT 
EES SES ET Ee a ; 29.68 4.47 6.84 12.42 
Air at 100% efficiency, cu. ft. ..........ceeeee 0.96 Sony 1.69 2.12 2.68 
mping efficiency, per cent. ............065 . 57.8 31 21.6 





erable to be desired. Maximum efficiencies ob- 
tainable would range between 65 and 70 per 
cent. for the conditions at those two wells. 

In Example No. 9, the quantity of water 
pumped was at the rate of 30,800 barrels per 
day, but at one time about 40,000 barrels per 





a eens Pumping by compressed air, page 
43. 


wg ems Pumping by compressed air, page 
49 


“Uren, Petroleum Production Engineering, 
page 376, 


a of Mines, Technical Paper 70, page 


day were being pumped. In fact, there would 
have been no difficulty in handling 100,000 bar- 
rels of water per day with this air lift, after 
certain changes in the installation had been 
made. 


In Example No. 10, the pumping of 2,300 
barrels per day against a head of 1,070 feet and 
with a submergence of only 20 feet, or a pres- 
sure of 9 pounds, was an unusual performance. 


Examples Nos. 11, 12 and 13 give the results 
of other tests in which the working conditions 
were different from those of the first two ex- 
amples. 


the same manner as an air lift, raises the oil 
to the surface. When the quantity of gas be- 
comes diminished the pressure becomes lower, 
and in a comparatively short time the well 
ceases to flow because there is not sufficient 
gas left in the vicinity of the well to cause the 
“gas lift” to operate under the particular con- 
ditions for which the pipe was first installed. 
After a well is brought in and the shut-in 
pressure is obtained, and production is known, 
the proper design of flow pipe should be installed 
and the well allowed to operate as an air lift. 
If the quantity of fluid is considerable, say 1,000 
barrels per day,.and the pressure has been re- 
duced to about 200 pounds, a compressor should 
be installed to provide additional energy in or- 
der to keep the well producing at the maximum 
for as long a period as possible. In certain 
fields, as at Goose Creek, Hull, Currie and 
West Columbia, where large quantities of water 
accompany the oil, the air lift should be kept in 
operation for a comparatively long time after 
the gas pressure has declined and become prac- 
tically negligible. -It could be used today in 
some of the fields where production has dropped 
to a low point owing to the limitation of the 


beam pump for handling large quantities of 
fluid. 





The demand for ice in the United States is 
on the increase, according to a recent survey 
of the ice and refrigerating industry. In 1925, 
about 700 pounds of ice was consumed per 
capita—an increase of 220 pounds since I9gI4. 
Taking individual cities, the requirements nat- 
urally vary considerably according to climat- 
ic conditions. In Dallas, Tex., for example, 
2,000 pounds of ice is needed annually per 
capita, as against 600 pounds in Los Angeles, 
Calif. Be that as it may, it is estimated that, 
at the present rate of consumption, the use of 
ice in the United States in 1940 will exceed 
1,000 pounds per person. 
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HELIUM AS AN AID TO 
DEEP DIVING 


ELIUM, which has established its value as 

a buoyant gas for dirigibles, is in a fair 
way to prove a boon to underwater workers 
by safeguarding them against some of the ill 
effects of prolonged effort under abnormal 
pressure conditions. 

Without discussing the physiological aspects 
of the problem, let it be accepted as an estab- 
lished fact that the air we breathe contains a 
much larger percentage of non-essential nitro- 
gen than it does of oxygen—considered alone 
from the standpoint of our bodily requirements. 
When a diver is at a considerable depth, or 
when he works at any depth for a prolonged 
period, the nitrogen taken into the lungs and 
distributed by the circulatory system is carried 
into the remoter parts of the body—there re- 
taining, for a while after the pressure drops in 


the general circulatory system, the pressure at. 


which it is first inhaled. This is because the 
capillaries—the minute blood vessels—respond 
slowly to the tide of the blood in the main 
arteries and veins. It is this lag that is the 
main cause of the trouble known variously as 
“caisson disease” or as “bends.” In short, per- 
haps an hour or more after a diver has been 
returned to the air, the imprisoned nitrogen— 
carried at higher pressure into the tissues— 
begins to come out of solution and to form 
bubbles; and these bubbles may press upon 
nerves, thus inducing pain or paralysis, or they 
may accumulate and so choke or obstruct the 


normal circulation as to cause collapse and 


even death. 

Experiments made by the United States 
Bureau of Mines have revealed that a mixture 
of oxygen and helium will provide a safer air 
supply than the ordinary atmosphere when fur- 


nished under pressure to a diver—in other 
words, the helium is not anywhere near as 
sluggish as nitrogen in responding to drops in 
pressure and, therefore, will not linger in the 
capillaries and become gaseous as does nitrogen 
unless extreme care be exercised and much time 
devoted to the gradual decompression of the 
diver. 

Very satisfactory results were obtained dur- 
ing salvage operations on the submarine S-51 
by the use of a mixture of oxygen and helium. 
The employment of this mixture enabled the 
divers to work longer at the maximum depth 
and permitted them to be restored to atmo- 
spheric pressure more quickly than would have 
been safe had they breathed the ordinary air— 
at the required pressure—while under water. 

Should the substitution of helium and oxygen 
be as desirable and as effective as some of the 
advocates of this mixture declare, then diving 
operations will be robbed of one of their out- 
standing hazards; and it may even be possible 
for a diver to remain without peril for a 
longer while submerged or enable him to pene- 
trate still deeper than has heretofore been 
practicable. 





MONT BLANC TUNNEL 
AGAIN URGED 

ONT BLANC has dominated the Alps 

for ages, and today stands squarely athwart 
what would be a much shorter rail run_ be- 
tween France and Italy if that towering mass 
of rock could be pierced with a tunnel. As 
might be expected, the existing tunnels through 
the Alps have been driven where they are 
because of physical conditions that have made it 
possible for their builders to follow the courses 
chosen. It is a matter of engineering history 
that the earlier of these undertakings bristled 
with staggering difficulties owing to the limita- 
tions of the rock drill when the tunnels were 
started. 

Today, inventive skill, cumulative experience, 
and engineering progress generally, have con- 
tributed to the production of rock drills, drill 
steels, drill-steel sharpeners, and air compressors 
that give the tunnel builder facilities that make 
it possible for him to go forward at a com- 
paratively rapid rate despite the hardest rocky 
barriers that Nature may interpose. Thus, 
tunnels that might have appeared prohibitively 
costly a decade or so ago can now be driven 
at an expenditure of time and money well 
within economic limits. 

With these facts before them, engineering 
experts in France and in Italy are again con- 
sidering the question of constructing a tunnel 
under Mont Blanc—the line to run between 
Chamonix, on the French side, to Aosta on the 
Italian side of the Alps. There are, apparent- 
ly, no physical obstacles that could not be. suc- 
cessfully surmounted; and a tunnel beneath 
Mont Blanc along the projected line would 
shorten the rail run between a number of im- 
portant European cities and appeal both to the 
traveler and to the shipper of commodities of 
various sorts. A tunnel under the Alps would 
shorten the rail run between Paris and Rome by 
more than 200 miles; would save quite three 
hours in transit; and would permit a very sub- 
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stantial reduction in traffic rates. The Proposed 
tunnel would have a length of 47,560 fee 
that is, be a trifle over 9 miles from portal to 
portal. 

At the present moment the only reason for 
hesitation is a monetary one; but this should 
not prevail in view of the business that woul 
in all probability develop because of the quicker 
and shorter journey that would be offered. To- 
day, more than 2,000,000 travelers use the ex. 
isting routes annually in journeying north ang 
south between France, Austria, and Italy, | 
the trip by way of a Mont Blanc tunnel were 
possible at lower rates, it is inevitable that , 
large share of the traffic would follow this 
new route. Indeed, it is highly likely that the 
tunnel would be the means of materially jp. 
creasing the annual tide of trans-Alpine traffic. 


f 





MANY-VIRTUED STEEL 
TEEL, in the broadest use of the term, js 
fundamentally nothing more complex than 

a combination of iron and carbon—the carbon 
making it possible to temper the iron so that 
the metal will be fit for services that other- 
wise it could not perform. For years steel of 
this general nature was produced in increas- 
ing quantities; and it proved its superiority 
over iron wherever greater strength per unit 
of weight was demanded. Those were the 
days of the rule-of-thumb millman. But in 
the course of time the trained metallurgist 
revealed that steel was a much more adapta- 
ble material, and that its physical properties 
could be radically altered by introducing in 
the melt alloys of different kinds—in some 
cases relatively minute percentages of an al- 
loy working amazing changes in the charac- 
teristics of the steel. 

For years, now, the man in the laboratory 
has been pursuing his fascinating quest, and 
just once so often he announces the discovery 
of a steel that is unlike any that has preceded 
it. Thus, a series of new or special steels 
have been evolved that lend themselves to one 
or more particular and valuable applications. 
This is strikingly true in the cases of certain 
kinds of cutting tools; and it is equally true 
in many departments of industry where dura- 
bility and strength must be assured with a 
use of the least metal practicable—notably in 
the manufacture of automobiles and in the 
building of engines for aircraft. 

Sir Ropert HapFietp, who has long been 3 
conspicuous figure in the world of steel, has 
recently announced the discovery of a stil 
newer alloy steel that may be the means of 
solving an engineering problem of the first 
magnitude. The steel is unaffected by 
temperatures high enough to cause cast ifdl 
and ordinary steel to oxidize and crumble. It 
it believed that this steel will prove of great 
value in the development of the gas turbine 
that has for a decade or more absorbed the 
attention of a number of inventive enginetts 
The destructive action of high-temperature 
gases has heretofore been an insurmountable 
obstacle in producing a_ satisfactory prime 
mover of this otherwise promising type. 

At the plant of Hadfields, Ltd., in Sheffield 
England, there is building a gas turbine—a 


net 


August. 


vat goqunnnnnenstnn eet 


cording to 
of runnin; 
minute at 
It is said 
ble for tt 
element is 

Accordi 
steel open 
to solve | 
plication « 
time brin 
gas-turbin 
made of | 
on a larg’ 
results. | 
day when 
a similar 
as the st 
high-temf 


THE 
OME’ 
ago, t 

and durit 

the terre 
and have 
theory ac 
the Phila 

peR has 1 

he has gi 

and stud 

Ina p 

august 

SNYDER | 

are natu 

outbursts 

and in m 

like the 

All the | 

explainec 

Anticiy 

trigger © 

explains 
atoms ri 
into regi 
is less, 
break in 
to regio 
rapid fl 
transfor 
pulls th 
of whic 
mind; a 
peevish 
in those 
responsi 
seasons- 
pected 

Nesses 

normal 


From 
We lear 
Profitab 
cording 
Govern: 
than on 








and oth 
and a 
corpora 





HHI 


XII 


OHA 


TOposed 
- feet 
Ortal to 


son for 

should 
t would 
quicker 
d. To- 
the ex. 
rth and 
aly, J 
el were 
that a 
WwW this 
hat the 
ally in- 
- traffic, 


toe 


+ 
erm, is 
=x than 
carbon 
so that 
other- 
steel of 
ncreas- 
eriority 
er unit 
ere the 
But in 
llurgist 
adapta- 
»perties 
cing in 
n some 
an al- 
charac- 


oratory 
st, and 
scovery 
receded 
| steels 
- to one 
cations. 
certain 
lly true 
e dura- 
with a 
ably in 
in the 


been a 
sel, has 
a still 
sans of 
he first 
ed by 
st iron 
ible. It 
f great 
turbine 
bed the 
yineers. 
erature 
untable 
prime 





ye, 
heffield, 
ine—ac- 





gonrnenn ent" 


Angust, 1926 


st andlosimiatai AIR MAGAZINE 





iimyanmannnnsenrnTeT ENT MTT 


cording to 7he Daily Mail—that will be capable 
of running at the rate of 55,000 revolutions a 
minute at a working temperature of 1,650°F. 
It is said that the new steel will make it possi- 
ble for the machine to run when the rotating 
element is red-hot. 

According to Sir Ropert, “The use of such 
steel opens up a wide prospect, and it will help 
to solve many industrial problems in the ap- 
plication of high-temperature gases. It may in 
time bring about the desired solution of the 
gas-turbine problem. Rotor gas-turbine wheels 
made of this new steel have already been used 
ona large scale and have given highly efficient 
results. It is therefore possible to visualize the 
day when gas turbo-compressors, or devices of 
asimilar nature, will be as commonly employed 
as the steam turbine—using instead of steam 
high-temperature gases.” 





THE SUN A COSMIC CANNON 

OMETIME, millions if not billions of years 

ago, the sun could contain itself no longer 
and during a convulsion spat out what became 
the terrestrial globe on which we live, move, 
and have our being. Such, in brief, is the 
theory advanced by Prof. JouHn A. Snyper of 
the Philadelphia Observatory. Professor Sny- 
per has not arrived at this conclusion hastily— 
he has given a quarter of a century of research 
and study to the subject. 

In a paper read a few weeks ago before an 
august aggregation of scientists, Professor 
Snyper said: “The sun and all rotating stars 
are natural atomic cannons, which in great 
outbursts hurl out their surrounding systems 
and in minor outbursts produce surface ruptures 
like the sun spots and eruptive prominences. 
All the physical facts of the solar system are 
explained by the theory of atomic volcanism.” 

Anticipating the question—What pulls the 
trigger of this solar cannon? Professor SNYDER 
explains: “When the stream of heavy explosive 
atoms rises from the regions of great pressure 
into regions near the surface where the pressure 
is less, there is a tendency for the atoms to 
break into their raw materials. Their approach 
to regions of less pressure fires them off. The 
rapid flow of explosives toward the surface 
transforms them explosively, and thus Nature 
pulls the trigger of her super-T. N. T.” All 
of which is perfectly lucid to the professorial 
mind; and it may be that the sun, sometimes 
peevish because it cast us off, vents its spleen 
in those changeful solar radiations that are held 
responsible for the disagreeable vagaries of the 
seasons—upsetting our ordered life, spoiling ex- 
pected pleasures, and putting a crimp in busi- 
nesses that depend upon the prevalence of 
normal temperatures. 





From the i income-tax returns of corporations, 
We learn that the metal industry is the most 
Profitable business in the United States. Ac- 
cording to the latest figures compiled by the 

vernment, metal manufacturers made more 
than one and a half times as much as banking 
and other financial interests combined, and two 
and a half times as much as all the building 
‘orporations in the country. 
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First EcoNomMics, by James Edward LeRos- 
signol, Ph.D., Dean of the College of Business 
Administration, University of Nebraska. A book 
of 183 pages, published by A. W. Shaw Com- 
pany, New York City. Price $2.00. 

HE author, in a truly entertaining~ way, 
reveals that economics is more than the 
science of business. He makes it clear that 


economics has a far broader aspect than that 


‘of business because this field of human knowl- 


edge affects our historical, our racial, our po- 
litical, and our social relations and their re- 
flexes upon the rest of humankind. 

As Doctor LeRossignol expresses it: “In 
these democratic days all citizens should know 
something of the anatomy and physiology of 
the vast and complicated organization of men 
and things which we call the business world, 
if only that they may see how much there is 
to learn and how closely economic science is 
connected with human wealth and welfare.” 
There is not a dull chapter in the book, and 
the literary style of it is extremely appealing. 





CAN WE COMPETE ABROAD? by C. C. Martin. A 
book of 155 pages, published by the National 
Foreign Trade Council, New York City. 

N- his foreword, Mr. Martin says: “Books 

produced by American authors, discussing 
the technique of foreign trade, the economic 
principles involved, and the incident exchange 
problems are to be had today in rich variety. 
No attempt, therefore, has been made to touch 
on these subjects. My effort has been to pre- 
sent a living narrative of actual experience 


and practice, which tells its story without 
technical or economic comment.” 
Mr. Martin has produced a very readable 


and an informative volume—presenting much 
carefully digested data that emphasizes a 
heartening story. In conclusion, way of 
forecast, he writes: “We can face the future 
with confidence. We have the plant, the 
brains, the money, and our trade is based on 
an immense and constantly expanding home 
demand. We are steadily increasing our 
knowledge of foreign trade, our investments 
are flowing to every part of the world, and we 
may look forward to increase in the percentage 
of 14.5 which expresses the part today, of our 
total trade, absorbed by export trade.” 


by 


GASOLINE Facts, by H. G. Mendelson, Mem- 
ber of the Petroleum Division of the American 
Chemical Society. An illustrated work of 163 
pages, published by The National Tank Audit- 
ing Service, Inc., Bradford, Pa. Price, $1.00. 

S has been “we are a nation on 

wheels,” and all because we are living in 
an age of abundant gasoline. The purpose 
of the book is to acquaint the consumer with 
various facts expressed in words which may 
be readily understood. There is much about 
gasoline which the layman should know, and 


said, 


he will certainly be much better informed after 
reading what Mr. Mendelson has prepared for 
him. 

The book is not a bare statement of facts, 
it is a well-written presentation of a subject 
that is not lacking in the element of romance. 
Using as we do hundreds of millions of gal- 
lons of gasoline monthly, and with our con- 
sumption mounting steadily, it is significant to 
recall that twenty years ago gasoline was lit- 
tle more than a comparatively worthless by- 
product of the petroleum refining industry. 
We recommend the reading of this book by 
every owner of an automotive vehicle or the 
equally pleased possessor of a power boat or 
kindred craft. 





THE FUTURE INDEPENDENCE AND PROGRESS OF 
AMERICAN MEDICINE IN THE AGE OF CHEMISTRY. 
A report of 80 pages published by The Chemical 
Foundation Incorporated, New York City. 

HIS report is the outgrowth of an edi- 

torial, printed in 1918, that pointed out the 
need in America for intensive chemical re-— 
search primarily having for its goal the allevia- 
tion of human suffering. The authors dis- 
close wherein we are weak and wherein we 
are strong in this department of human en- 
deavor. They also emphasized the fact that 
cooperative effort is pretty generally lacking 
in medical research in this country. There- 
fore, in conclusion, the report expresses the 
hope that the day may come when the lesson 
of the power of codperative scientific endeavor 
—so effectively utilized in the Chemical War- 
fare Service organization—may be applied with 
equal success to the solution of the problems 
of disease and health. 





Ick AGES, RECENT AND ANCIENT, by A. P. 
Coleman, Ph.D., Emeritus Professor of Geology, 
University of Toronto. An illustrated volume of 
296 pages, published by The MacMillan Com- 
pany, New York City. Price $4.00. 

VERY now and then we are reminded of 

what was done during different ice ages 
in altering or radically transforming the ap- 
pearance of the surface of the earth as we 
know it today. Most of us accept these facts 
without question and without personal inter- 
est, and yet the evidences of the action of 
glacial movements are apparent on every hand. 
Indeed, we are in some important respects 
beneficiaries of glacial actions which, if re- 
peated today, might mean our extinction or at 
least our migration to remote parts of the 
world where we should have to live under un- 
familiar and perhaps unwelcome conditions. 

Professor Coleman has brought within read- 
able compass essential information having to 
do with all that man knows about the ice ages 
of the past, and he has presented this fund of 
knowledge in a clear and an absorbing way. 
The subject is one about which more of us 
should be better informed; and the author has 
made it easy for us to obtain a comprehensive 
insight in a prime phase of the life history of 
the globe on which we dwell. 





CCORDING to an announcement by Dr. 
Thomas S. Baker, President of the Carne- 
gie Institute of Technology, Pittsburgh, Pa., 
an international conference on coal is to be 
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held at the institution in November of this 
year. 

Papers will be presented by a number of 
leading American engineers and scientists on 
the latest discoveries in connection with the 
distillation of coal, its by-products, new meth- 
ods of producing energy from coal, etc.; and 
several prominent scientists of Germany, 
France, and England are to participate in dis- 
cussions on the low-temperature carbonization 
of coal, generation of power at the mines, do- 
mestic use of coke, and water power versus 
coal energy. The primary object of the meet- 
ing is to consider new uses of bituminous 
coal. 





An interesting 42-page pamphlet, dealing 
with the life history of the automobile, has 
recently been compiled by C. E. Griffin, Pro- 
fessor of Marketing at the University of 
Michigan. The booklet is issued by the School 
of Business Administration of that institution. 
In it we learn that the average life of a car 
is 7.04 years. Incidentally, the palm for 
longevity goes to the Ford. 

Further absorbing items reveal that the 
number of replacements for 1926, if the pro- 
gressive ratio continues as it has in the past, 
is estimated at 1,796,000 cars; in 1927, at 
2,063,000; and in 1928 at 2,431,000 cars. In 
addition, we are told that at the present annual 
rate of production of 4,000,000 cars, and with 
exports amounting to 5 per cent. of the pro- 
duction, there would be in service in the 
United States in 1930 a total of 28,580,000 cars 
—one for every 4.3 persons of the estimated 
population for that year. 





NEW MINE LAMP DETECTS 
FIRE DAMP 


NEW type of electric safety lamp, for use 

by miners when working in pits where fire- 
damp explosions are likely to occur, was the 
subject of a paper read by Mr. Martienssen, 
of Kiel, Germany, at a recent meeting of the 
Austrian Natural Science Society. 

After several unsuccessful attempts, Mr. 
Martienssen claims to have devised an electric 
lamp that indicates the presence of fire damp. 
The effectiveness of the lamp depends on a 
series of small semi-circular loops, made of a 
preparation of palladium, placed in a little glass 
bulb which is sealed at its upper end by a 
porous stone. 

Under ordinary conditions, with the current 
turned on, the ends of the filament assume a 
dark-red color—an indication that the lamp is 
in proper working order. But when there is 
methane in the air, the center of the filament 
becomes incandescent to a varying degree, de- 
pending on the percentage of methane in the 
atmosphere. When as much as 8 per cent. of 
this noxious gas is present, then the filament 
remains incandescent even with the current 
switched off. 





In the ten years ending with 1925, the rail- 
roads of the United States increased their 
property investments from $17,636,000,000 to 
$23,548,000,000. 











The Calumet & Hecla Consolidated Mine, 
at Calumet, Mich., boasts the world’s deepest 
telephone installation, according to the Mining 
Congress Journal. This telephone was recently 
provided, and runs to the bottom of Tamarack 
No. 5 Shaft, which has a depth of 5,300 feet. 
The connecting cable is anchored to the shaft 
timbers and weighs almost 4 tons—in other 
words, every foot of cable weighs on an aver- 
age 1% pounds. 





The latest railroad statistics inform us that 
Great Britain has a mile of railroad to every 
3.63 square miles of her territory, as compared 
with a mile of railway to a little more than 12 
square miles in the United States and to 71.5 
square miles in Canada, respectively. 





According to a recent issue of The Engineer, 
there has been developed in Switzerland a new 
lead pigment that, when mixed with suitable 
paint and applied to iron surfaces, provides a 
superior rustproof covering. The peculiar prop- 
erty of this material that makes it superior to 
other lead pigments lies in its capacity to free 
metallic lead in such finely divided particles that 
the lead can readily penetrate the surface of 
the iron and thus form a protective coating. 





Work is soon to be begun on the Shimonoseki- 
Moji Tunnel, which has for some years been 
under contemplation by the Japanese Railway 
Department. The tunnel is to be three miles 
long, and will connect the Shimonoseki railway 
terminus with the Kyushu Island lines. 





The popularity of the closed car cannot be 
gainsaid if we take into consideration the re- 
cent statement, issued by the General Motors 
Company, to the effect that closed automobiles 
represented 63 per cent. of the total 1925 out- 
put. Of all the cars manufactured in the 
United States in 1922 but 28 per cent. was of 
the closed type. 





The Union Pacific has developed a new 
monster locomotive capable of hauling 125 
freight cars at 50 miles an hour. The engine 
has 12 drivers, and is 102% feet long. The 
air compressors are located on the front of the 
boiler. 





The oldest rolling mill in the United States, 
which is said to be the only one of its kind in 
the world today, is about to be dismantled. 
Records show that this mill, standing on the 
site of the Stanley Works, at Bridgewater, 
Mass., was founded in 1784 and that it was 
actively engaged in the manufacture of cannon 
during the War of 1812. 


From records compiled by the Museug 
Safety we learn that within a decade, thr 
the efforts of well-organized safety work 
hazards of railroad travel have been 
by about one-half. In 1914, one passenger | 
killed for every 6,620,000 locomotive-miles. 
one passenger injured for every 116,000 [g 
motive-miles. The figures for 1924, after) 
years of systematic accident-prevention 
show that one passenger was killed for 
11,250,000 locomotive-miles and one travel 
injured for every 287,000 locomotive-miles, © 





Drinking water seems to be a great sez , 
in the neighborhood of the Red Sea, judg 
by the number of fresh-water distilling pig 
being used in Jidda. The largest of th 
produces 150 tons of distilled water every. 
hours from the extremely briny waters of 
Red Sea; and from 36 to 40 pounds of wa 
is obtained per pound of coal consumed, 





An aerial camera has been devised by 
tenant George W. Goddard, aerial 
rapher at McCook Field, Dayton, Ohio, th 
capable of taking photographs when five mi 
aloft. ; 





Much interest is being displayed, so 
Guaranty Survey tells us, in the constru ‘ion 
a large nitrate plant at Coya Norte, Chile, 7 
plant, to be ready for operation in Septemb 
will have a capacity of 1,000 tons a day, ” 
the treatment of the nitrate ore there is to 
used an entirely new process which, it is 
will considerably reduce the cost of prod 
tion. 





8 


In her epoch-making flight from Spitzberg 
across the North Pole to Alaska, the Nor 
carried a radio-compass, such as is now in 
eral use aboard maritime vessels. While 
is not the first airship to be so equipped, 
service rendered by the instrument on that t 
is probably the most convincing proof of 
value of the radio-compass in aerial na 
tion. 





Constantinople, Angora, and Broussa_ 
the only cities in Turkey that have ele 
power systems of appreciable size. Indivi 
lighting plants have been installed in seve 
other communities, but each of these 
the best, can supply current for but a 
homes. 3 





The management of the Austrian F eat 
Railways has mapped out an extensive prog 
of railway improvement that involves the 
plete renewal of rails on 100 miles of tr ck 
This is a big undertaking, and calls for 
laying of 360,000 new ties and 10,800 ‘ons 
rails. 4 





In 1925, a total of 427,974 carloads of 
was shipped in the United States. Apples) 
grapes topped the list, with 112,817 and 30 
carloads, respectively. ; 








y Li 


so Ti 
ction 6 
le. Th 
Dtemper; 
lay. | 
is to} 
claimed) 
progueg 





| i ¢ Sp errr 


ee ual”) 


